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CONTRIBUTIONS TO THE PHYSIOLOGICAL EFFECTS 
OF PEPTONE WHEN INJECTED INTO THE CIR- 
CULATION. By W. H. THOMPSON, M. D., F. ROS. Eng.) 
(Twelve Figures in Text.) 


Part IV. The Local Vascular Influences of Peptone we 
Proteoses (conid.): Effects on the Splenic, Hepatic, and 
Limb Districts. 


(From the Physiological Laboratory, Queens College, Belfast.) 


THE following article deals with the local effects exerted by 
peptone and proteoses on the blood vessels of the spleen and of the 
liver, as well as on those of the limbs. It is to be read in conjunction 
with Part III.“ Effects on the intestinal and renal districts’ —of which 
it is a direct continuation. 


4. EFFECTS ON THE SPLENIC DISTRICT. — 


The method applied to the spleen was in principle the same as that 


A tracing of splenic volume was taken side by side, with one of 
earotid blood-pressure. During these records, the results upon both 
tracings, of a given strength of excitation of the left splanchnic nerve, 
made before the injection of the product under observation, was com- 
pared with the same, made after the injection. 

The plethysmograph employed for this organ was Schiifer’s' spleen 
box, or a double-walled modification of the same, which I had made 
for this purpose. It appeared to me that with the former, the spleen 
must suffer from a considerable loss of heat, to lessen which, a form of 
the apparatus by which the organ could be surrounded by a layer of 
warmed oil, was employed. More extended observation has led me to 
believe that when due care is taken, the amount of heat escape with 


1 Schäfer and Moore. This Journal, xx. p. 1. 1896. 
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the original apparatus produces no evil effects while it is decidedly 
more convenient to use. 

In carrying out the operations necessary for the experiment, the 
preparation of the spleen itself was taken last. The left great 
splanchnic nerve was exposed and armed with electrodes immediately 
before the spleen was taken out of the abdomen. Into the plethysmo- 
graph, previously warmed, the organ was now brought with all possible 
speed, the slit for the vessels sealed with vaseline and strips of vaselined 
wool, the cover quickly applied, and the whole enveloped in a thick 
layer of cotton wool. | 

A sensitive Marey’s drum was employed to record the spleen 
curve, 

(a) Pittes Peptone. Results obtained with this and allied 
substances leave no room for doubt that the spleen is influenced by 
such products to a very considerable degree, much more so, than is 
the kidney. In this respect the organ displays an effect approaching, 
but by no means equalling, the influence exerted on the intestinal 
blood vessels, All of the experiments are singularly concordant in 
demonstrating this; moreover the curves for the most part show 
another point of similarity with those obtained from intestinal vessels, 
in the fact that coincident with the fall of pressure caused by the 
injection, an increase of spleen volume was manifested. 

Several experiments were performed, from one of the earlier of 
which the following tracing (Fig. 1) has been taken. It differs from 
the majority in that splanchnic excitation was kept up during the 
whole period of injection. Otherwise it conforms with the later 
experiments. 

Beginning at the left end of the figure, we see first of all the 
termination of a Traube-Hering curve. Then at the point marked, 
the left splanchnic was excited, the coil being at 8. This excitation 
produced “opposing effects on the two curves, and soon after its 
commencement (at the point indicated), an injection of peptone was 
made, the excitation being continued during the fall of blood-pressure 
which the injection evoked. 3 

After removal of the exciting current a somewhat further fall of 
pressure occurred, and during this period the spleen considerably 
enlarged. A repetition of the excitation with the coil at the 
original position gave no response on either tracing. Two minutes 
later, a stronger excitation—coil at 6—gave a well-marked constriction 
of the spleen together with a simultaneous rise of blood-pressure. 
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PEPTONE AND CIRCULATION. 3 


From this it might appear that both the splenie and general 
splanchnic vaso- mobility were almost equally influenced. Not so 


Fig. 1. Showing the effects of Witte’s peptone (0-15 grm. twice repeated) upon the vaso- 
motor mechanisms of the spleen and general splanchnic area. 


however, as is seen in the third segment of the tracing. Here, a 
similar strength of excitation—coil at 6—produced an almost equally 
great constriction of the spleen without affecting blood-pressure. 
During the interval between the second and third segments of the 
tracing, the second injection of ‘ peptone’ 0°15 grm. per kilo was made. 

Evidently therefore the spleen while being considerably affected by 
this substance is less so than the splanchnic area in general. 

No attempt was made to differentiate the effect of the substance on 
the smooth muscle of the spleen from that upon its blood vessels. 

(b) Other products. The same substances were employed in this 
extension of the research as those examined in the case of the kidney. 
The results obtained with all of these products concur in showing that 
the blood vessels of the spleen are more sensitive to their influence 
than those of the kidney, but less so than those of the intestine. 

From experiments with purified peptone, deuteroproteose, protopro- 
teose, and heteroproteose, one tracing each is given. 

(1) Purified Peptone. The following figure illustrates a more 
than usually pronounced effect of amphopeptone, but clearly demon- 

1—2 
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4 W. H. THOMPSON. 


strates the less marked susceptibility of the 0 vessels to 11. 
influence. 

The opposite effects on the two curves shown at the left end of the 
illustration are due to excitation of both splanchnics with the coil at 
10.. Then follows the injection, which caused a primary fall in 
both tracings. The volume of the spleen at no time showed an 
increase in this experiment beyond the normal volume prior to the 
injection. 


Fig. 2. Showing the effects of purified peptone om the splenic vaso- motor mechanism, and 
on that of the general splanchnic area. 


Next is shown in succession, the absence of any effect on either 
curve by excitations with the coil at 10, 9 and 8 respectively. The 
influence here manifested on the splenic vessels must undoubtedly have 
been very considerable, and so far apparently on all fours with that on 
the splanchnic vessels generally. An excitation with the coil at 7, 
showed however that this was not the case. Here a well-marked 
splenic constriction was obtained, unaccompanied by any response on 
the part of the blood pressure tracing. This is shown in the extreme 
right segment of the figure. 

Amphopeptone therefore, likewise exerts on the vessels of the spleen 
a less degree of influence than on those of the — area as a 


Whole. 


(2) Deuteroproteose. The tracing selected to illustrate the effects 


of deuteroproteose on the vessels of the spleen is taken from an experi- 


ment in which the method employed varied somewhat from that for 
the most part adopted throughout. In this instance the spinal cord 
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PEPTONE AND CIRCULATION. — 5 


was divided in the region of the third cervical vertebra, and the effect 
which its excitation, with a given strength of current, produced on the 
splenic vascular district, was compared with the same after a dose of 
deuteroproteose had been injected. A tracing of limb volume is also 
given side by side with that of the spleen, in addition to the usual 
blood-pressure curve. This however does not concern us at the present 


stage. 


Fig. 3. Showing the effects of deuteroproteose (0°2 grm. per kilo) on the vaso-motor 
mechanisms of the leg, spleen, and general vascular system. 


The left end of the above figure manifests the influence of excitation 
of the spinal cord (coil at 8) on all three curves, the upper being that 
of the leg, the middle that of the spleen, and the lower that of carotid 
blood-pressure. After the effects of this excitation had passed off, (the 
cylinder being stationary during part of the time), an injection of 
deuteroproteose was made. No very marked fall of blood-pressure 
appeared, since this was already low, as a consequence of section of 
the spinal cord, nor was the influence of the injection very obvious on 
either of the two other tracings—that of the spleen was not at all 
affected. | 

Next follows, in the middle segment of the figure, the results of a 
repetition of the same excitation, after deuteroproteose had effected its 
influence. Confining our attention to the tracings of the spleen and 
blood-pressure it will be seen that this product by no means abolishes 
vaso-mobihty in either of the districts concerned. That of the spleen 


is however decidedly less affected, than is general vaso-mobility. This 


is more obvious when we compare singly, the splenic effects before and 
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after the injection, and then turn our attention to a similar comparison 


of the blood-pressure effects. The right segment of the figure illustrates 


a repetition of the same excitation, made two minutes later and confirms 
what we have already seen in the middle segment. 

On comparing the influence of this product with that of ampho- 
peptone it would seem that the latter is the more effective in the case 
of the spleen. Such however is not the case, as stated when dealing 
with amphopeptone. The tracing chosen, manifests a more than usually 
pronounced effect of this product. Moreover certain animals, generally 
young ones, show a greater susceptibility to the effects of these 2 Bub- 
stances than others. The dog employed in this experiment was a 
young animal. 

While therefore deuteroproteose exerts undoubtedly some influence 
on the vessels of the spleen, this is not so marked as on the vessels of 
other areas, one of these we have already found in the intestinal 
vascular district. 

(3) Protoproteose. It has 1 been abundantly proved in the 


present series of communications that protoproteose exerts a profoundly 


depressing influence on vaso-mobility in general. One would therefore 
expect that its effects on the spleen should prove to be greater than 
that shown by either of the foregoing products. This as a matter of 
fact is so, but nevertheless the splenic vessels suffered to a degree 
inferior to that occurring in other splanchnic districts. The results 
therefore yielded by protoproteose are not only consistent with what 


has previously been learned regarding its properties elsewhere, but also 


with what may now be regarded as established, that the splenic vascular 
district is less susceptible to the effects of peptone and albumoses than 
some others, e.g. the intestinal district. 

The following figure represents a tracing taken from one of the 
protoproteose experiments. 

Reading the curves from left to right we first meet the effects of 
excitation of the left great splanchnic, with the coil at 10. Next 
comes the injection and part of its results. In the middle segment we 
see the effects of two excitations, first with the coil at 10 then at 9°5. 
The blood-pressure curve yields no response to either of these, while 
the splenic curve is but slightly affected. 

In the right segment of the figure the results of three excitations, 
of successively increasing strength, are given beginning with the coil 
at 8˙5, then at 8 and then at 7˙5. All of these produce more or less 
constriction of the spleen ; none with the exception of the last, caused 
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any rise of blood-pressure. The tracing therefore fully bears out the 
statement made above, regarding the effect of protoproteose on the 
vessels of the spleen. 


Fig. 4. Showing the effects of protoproteose on the splenic and general i vaso- 
motor mechanisms. | 

(4) Heteroproteose exerts about the same degree of influence as 
the foregoing body, certainly not greater. This is also in agreement 
with what has been learned regarding its vaso-motor influences else- 
where. | 

The manner of carrying out the heteroproteose experiment from 
which Fig. 5 has been taken, is the same as that from which the 
deuteroproteose illustration was drawn, except that the spinal cord in 
the cervical region was stimulated instead of the splanchnic nerve. 


Fig. 5. Showing the effects of heteroproteose on the splenic and general vaso- motor 
mechanisms. 


The left end of the above tracing shows the effects of excitation of 
the spinal cord, (after previous section), the coil being at 9. Then 
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8 W. H. THOMPSON. 
follows the injection of heteroalbumose, after which the results of three 


excitations of the original strength are shown. In none of these was 
blood-pressure appreciably altered. A decreasing influence on the spleen 
curve was however manifested, till finally the organ yielded no response 


to the current. Its vaso-mobility was not however completely annulled, 


for two minutes later, a somewhat stronger current, with the coil 
at 8, brought about a constriction, the blood-pressure still being 
uninfluenced. 

Taken alone the results of this experiment would perhaps indicate 
a somewhat stronger effect from heteroproteose than from protoproteose. 
The results with heteroproteose are however less regular than with any 
of the other bodies employed in this research, and on the whole taking 
other experiments into consideration, I place its influence as being 
somewhat inferior to that of protoproteose. 


5. EFFECTS ON THE HEPATIC DISTRICT. 


The liver does not lend itself so readily to plethysmographic 
observation as the organs previously dealt with. . Nevertheless its 


circulation has been intimately studied within recent times in this 


manner by Frangois-Frank! and L. Hallion. 

These authors enclosed one or more lobes of the organ between 
modified tambours. Variations in volume were recorded by a Marey’s 
drum. 

At the time of commencing my observations on the liver the 
details of the method of Francois-Franck and Hallion were not 
known to me. It occurred to me however that the air plethysmograph 
of Schafer might be applied to this organ, and on carefully examining 
the liver of the dog, it was apparent that the left lobe could without 
very much difficulty, be brought within a suitable box, and the latter 
closed in an air-tight manner according to the usual way, without 
compression of the vessels of the stalk. 

In carrying out a full experiment, the preparation of the liver was 
naturally left to the last. The other operative procedures resembled 
those of previous experiments. 

To expose the liver, a cruciform incision was made in the abdominal 
wall. The transverse cut ended near the tip of the second last rib, and 


was carried through the whole thickness of the abdominal wall. In 


1 Francois-Franck et L. Hallion. Archiv. de Physiologie, xxvin. p. 908. 1896; 
also xxix, p. 434, 1897. 
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dividing the rectus muscle, on either side, it was found expedient to 
apply two ligatures and divide between them, so as to avoid hsmor- 
rhage. The transverse incision did not extend out quite so far on the 
right as on the left side. 

A piece of string was passed under one of the lower costal cartilages 
on each side, by means of a handled needle, penetrating through skin 
and chest wall, and the lower costal —— were drawn outwards and 
so fixed. 

The liver was now drawn down as a whole, by means of catch 
forceps applied to the fundus of the gall bladder and the forceps fixed. 
The peritoneal attachments of the left lobe were next carefully cut 
through, only one of these, as a rule, giving any trouble, viz. the posterior. 
This is somewhat difficult to reach and in dividing it two untoward 
events are liable to occur, either of which may spoil the experiment. 
In the first place, the central tendon of the diaphragm can very 
readily be perforated, and in the second, a branch of the phrenic vein, 
possibly with an accompanying arterial twig, may be cut through, ~ 
if so, will cause very troublesome hemorrhage. 

When the above procedures were carried out the left lobe was 
found to be free and easily moveable, being connected to the main part 
of the organ by a comparatively small stalk. The neck of this stalk 
can further be reduced with advantage by cauterising through a 
portion of liver substance, on one or both sides, taking care not to 
approach too near to the main blood vessels. In many cases, however, 
this was unnecessary. 

The box employed was rectangular, about 5 in. long by 3 in. deep, 
by 2 in, wide, internal measurements; made of stout gutta percha, and 
provided with a flange around its mouth. 

A notch for the stalk about 14 in. in width and half an inch in 
depth at its middle part, was provided in its posterior wall. This wall, 
when in situ looked almost directly downwards, (the dog being on its 
back,) and as a rule touched more or less against the anterior wall of 
the stomach. ‘The notch was placed nearer one end of the box—the 
left when in situ—, and its left margin approached to within three- 
quarters of an inch of the same end. 

A suitable cover can be made of stout gutta percha, or still better 
of glass. In either case a shallow notch should be provided in its 
margin corresponding in position to that for the stalk, when applied to 
the box. A glass tube is finally let into one end of the plethysmograph, 
for connection with a recording tambour. 
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10 W. H. THOMPSON. 
When bringing the liver lobe into the plethysmograph, a thin layer 


of well vaselined cotton wool should be placed in the notch, beneath 


Fig. 6. Diagram of liver plethysmograph. 
the stalk—likewise one above, where the cover touches. But those 
who have had experience with this form of apparatus for the spleen, 
intestines, or other organ, will find no difficulty i in securing air tightness, 
without compression of the vessels, It is a good plan to test the 
apparatus immediately after its application and attachment to the 
recording drum, by compressing the side tubing of the T piece provided 
in the tambour connection for regulation of air pressure. If the lever 
of the tambour retains its position, without gradual sinkage, when 
such pressure is applied, it may be safely assumed that the whole is air- 
tignt 

Finally it is desirable that the box should come as little as possible 
into contact with viscera beneath. This can be easily prevented by 
suspending it at a very slight elevation from a suitable support. To 
provide against loss of heat, the whole should be thickly oe! in 
cotton wool. 

With such form of plethysmograph exceedingly good records of 
liver volume can be obtained on which cardiac undulations can as a rule 
be readily seen. 

Excitation of either splanchnic will bring about an immediate 
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constriction. Throughout this research it has been assumed that the 
constriction in question is due to direct effect on the vessels of the liver. 
It has in fact been shown by previous observers that the splanchnic 
nerves contain vaso-motor fibres both for the hepatic artery and for the 
portal vein. Further Frangois-Franck and Hallion have found 
that the constriction of the liver is accompanied by elevation of 
pressure in the portal vein, and cannot therefore be secondary to the 
effect on the intestinal vessels which the same excitation produces. 


Influence of Proteoses and Peptone. . 


The manner of experimenting was the same in principle as that 
applied to other organs. 

During the plethysmographic record an excitation of one of the 
splanchnics—generally the left was carried out. A constriction of 
the liver was thus produced, and side by side with this, an elevation of 
carotid blood-pressure took place. As soon as the effects of the 
excitation had passed off, the substance under examination was injected. 
Immediately afterwards, a repetition of the splanchnic excitation was 
made, and the result compared with the previous effect. 

(a) Wittes Peptone. Results obtained with this product leave : no 
room for doubt that the liver is markedly affected by it and similar 
bodies. This is best illustrated by the figure which follows. 

In the tracing the effects of splanchnic excitation with the coil at 6 
are first shown, then comes the injection of Witte’s peptone (0°2 grm. 
per kilo). This produces a great fall of blood-pressure, leaving out of 
consideration the initial rise, caused by the act of injection. Coincident 
with the fall came an enormous expansion of the liver—relatively greater 
than with any of the other organs studied. So great indeed was this, that 
notwithstanding free mobility, the tambour lever, in not a few cases, 
reached its upper limit of excursion. During this period the left 
splanchnic was again excited. The result on the blood-pressure curve 
was now hardly appreciable ;. on the liver tracing however, the excitation 


1 Cp. Vulpian. C. R. de la Soc. de Biol. p. 5. 1858; also Legons sur apparel vaso- 
moteur, Paris, 1875, T. 1. pp. 558561. Pal. Wiener med. Jahrb. p. 67. 1888. Mall. 
Arch. F. Physiol. p. 409. 1892. Starling. Journ. Physiol. xv. p. 120. 1893. Cavazzani 
and Manca, Arch, delle Sci. Med. II. p. 429. Resumé in Arch. Ital. de Biol. xxrv. 
p. 83. Francois-Franck et Hallion. Op. cit. 

* Francois-Franck and Hallion found that both splanchnics were about equally 
effective in producing constriction of the liver - vessels. 
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produced a marked further augmentation of volume, in contrast to the 
previous constriction. 


Fig. 7. Showing the influence of Witte’s peptone on the vessels of the liver and on the 


The same strength of excitation was twice repeated (not shown in 
the figure) at short intervals, with effects corresponding in the main to 
those here illustrated, except that in the second instance a more marked 
elevation of blood-pressure occurred. The liver expansion was not 
however appreciably different. 

In the right segment of the above tracing, the results of two 
excitations of increased strength are shown. They were carried out 
at four and five minutes respectively after the injection. During the 
period which elapsed, blood-pressure had considerably returned towards 
its old lever, and liver volume had once more become almost normal. 

The first of these two excitations (coil at 4) gave an elevation of 
blood-pressure with increase of liver volume. The second however gave 
a constriction of the liver, side by side with the elevation of carotid 
blood-pressure. The influence of the ‘peptone’ on the liver vessels, 
had in the meantime so far disappeared, as to allow of the normal 
constriction occurring, but an excitation of greater strength was 
required to produce it than before the injection. 

Five experiments were performed and all yielded idcntical results. 
One may therefore conclude, I think without hesitation, that the vessels 
within the liver, are undoubtedly affected in the same manner as those 
of the intestine and spleen by Witte’s peptone. The degree to which 
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vaso-mobility is reduced in this region exceeds even that which we 
found in the vessels of the intestine, and is of longer duration. 

Which of the two sets of vessels—those supplied by the hepatic 
artery or those furnished by the portal vein—becomes chiefly affected 
has not been determined. Probably both are influenced. At all events 
Francois-Franck and Hallion have shown that both take part in the 
diminution of volume which follows excitation of the splanchnics. 

It is also I think remarkable that a pronounced increase of liver 
dilatation constantly manifested itself in response to excitation of the 
splanchnic nerve, during a certain interval after peptone had been injected. 
This occurred apparently without regard to the effect on blood-pressure. 
The record of the latter being sometimes almost uninfluenced, sometimes 
considerably elevated. Apart from the cause of this liver dilatation, the 
opposite effects which splanchnic excitation may thus call forth, accom- 
panying one and the same influence on blood-pressure, furnish further 
evidence—if such be wanted—that the constriction of liver vessels 
obtained before the ‘peptone’ injection, cannot be attributed to a 
secondary effect, resulting from constriction of the intestinal vessels. 

Returning however to the secondary liver dilatation, it must be 

be admitted that the cause of its occurrence is by no means clear. It 
may be simply a passive expansion, or it may be due to active dilatation 
from excitation of vasodilator nerves, The matter did not directly 
concern the immediate object of this research and its solution has for 
the present not been attempted. It may be of interest however to 
indicate that many observers—Cavazzani and Manca, Pal, Francois- 
Franck and Hallion—all state that the liver is abundantly provided 
with vasodilator nerves. 
A further remarkable effect of the peptone, namely the enormous 
primary dilatation of the organ, deserves more extended notice. It 
can hardly be questioned that an accumulation of blood occurs 
. coincident with this expansion, but how the accumulation is brought 
about is worthy of consideration. ; 

One possible factor in its production may from the first be excluded, 
viz. cardiac failure, from peptone influence. By failure I mean inability 
on the part of the heart to send on as much blood as before. This is 
however seen at once not to be the case. All of the tracings, without 
exception, concur in showing that at the period of low blood-pressure, 
which here concerns us, the output of the heart—measured by the extent 
of the mercurial excursions—is decidedly augmented, rather than 
decreased. In this matter, cardiac output is not to be confounded 
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with strength of cardiac beat. It is quite possible that the latter may 
be diminished, the experiments yield no information on this point. 
But at all events, under the conditions of altered blood-pressure here 
represented, the heart is capable of ejecting at least as much blood as 
before. 

Not being therefore primarily due to alteration. in cardiac scent, 
the accumulation of blood must be ascribed to greater onflow from the 
intestinal district. We are in the habit of assuming that under such 
vascular conditions, as are here produced, blood mainly accumulates in 
this district. The results here revealed, indicate that the intrahepatic 
vessels form even a more important receptacle. 

The less marked and transitional nature of the distension, obtained 
under like conditions, in experiments on the vessels of the intestine, 
should be borne in mind when making the comparison. This behaviour 
on the part of the vessels in question formed matter for surprise at the 
time, and was attributed to the possibly greater resistance experienced 
by the current of blood in its entry to the plethysmograph, than would 
occur under normal conditions. It is quite likely however, that the 
true explanation is to be found i in the function of the liver vessels here 
disclosed. 

It seems moreover probable that we are here face to face with a 
reason for the fact that the tributaries of the hepatic vein stand open 
of their own accord, when the organ is cut into. Owing to this property 
they are capable of being filled with blood under a minimum of pressure, 
and thus the vessels of the liver can constitute a safety receptacle to 
guard the heart from being overwhelmed with a too powerful influx’ of 
blood’. 

Further the situation of the liver, immediately beneath the 
diaphragm, where it is subject to pressure at every respiration, 
secures that under such conditions, its vessels can be gradually un- 
loaded without any augmentation of pressure from behind, by way 
of the blood stream. 

A full consideration of the facts so „ far as revealed leads me to infer, 
that in the intrahepatic vessels we have a vascular district which plays 
a more important part in the mechanics of the circulation than has 
hitherto in general been assumed. | 


view has already been expressed, and strong evidence in its favour adduced by Stolnikow. 
See Pfliiger’s Archiv, XXVII. 8. 255. 1882. 
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(b) Other products. (1) Purified Peptone. Amphopeptone also 
caused a dilatation of the liver, less marked however than that of 
Witte’s peptone, corresponding to a less fall of blood-pressure. Further 
than this effect, which was comparatively transient, no other influence 
was observable. The substance did not markedly reduce vaso-mobility — 
in the hepatic district, a fact which coincides with our knowledge 
concerning its influence elsewhere. The following tracing illustrates 
these points. 


Fig. 8. Showing the absence of marked effect exerted by amphopeptone on the vaso- 


(2) Deuteroproteose. A considerable degree of susceptibility was 
manifested by the liver vessels to the influence of deuteroproteose— 
perhaps correspondingly more than in the case of other organs. This 
can hardly however be regarded as a specific effect. It means rather, 
as I take it, that we have here a vascular district particularly sus- 

ceptible to the action of the group of substances now dealt with. 

The tracing (fig. 9) affords a good example of the dilatation which the 
liver undergoes on injection of deuteroproteose. The augmented output 
of the heart during this period is also worthy of notice. We have here 
also an instance of a fairly frequent occurrence after such e viz. 
a complete arrest of respiration for a short period. 
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The left half of the illustration exhibits the results on the two 
curves of splanchnic excitation (coil at 6), followed by those of the 


Fig. 9. Showing the effects of deuteroproteose on the vessels of the liver and on the 
vessels of the splanchnic area generally. 


injection; the right half shows the effects of two excitations subsequent 
to the injection. The first of these is productive only of dilatation 
on the part of the liver, together with an accompanying slight 
elevation of blood-pressure. The second, made with considerably 
stronger current (coil at 4), causes a preliminary dilatation followed by 
constriction of the liver, the carotid blood-pressure = at ‘the same 
time considerably elevated. 

Deuteroproteose therefore annuls to a considerable cn the 


effect of vasoconstrictive impulses on the liver district. 


(3) Protoproteose. Coming now to the primary bodies, it was 
found that protoproteose, as one might expect from previous experience, 
exerted a far greater influence on vaso-mobility in the liver district, 
than any of the products so far dealt with. Its effect is only approached 
by that of the other member of the group, and even heteroproteose 
stands somewhat inferior to its fellow body in this respect. Fig. 10 
represents a tracing from one of the experiments with protoproteose. 

It will be seen in the tracing that the first excitation after the 
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injection is followed by no result whatever on the blood- pressure 
tracing, and only produces a very inappreciable elevation of the liver 


Fig. 10. Showing the effects of protoproteose on vaso-mobility in the liver district and in 
the splanchnic district generally. 


curve. The Seis ie with the coil at 4, caused a very slight 
elevation of both curves, Response to vaso-constrictive impulses must 
therefore be regarded as abolished for the time being in the liver 
district. The dose employed was 0°2 grm. per kilo.—that which was 
throughout adopted as a standard. 

The secondary dilatation from splanchnic stimulation, which in the 
case of other products took the place of previous constriction was 
practically absent with protoproteose. This result was very constant, 
and if we accept the explanation that dilatation under these circum- 
stances is due to excitation of vaso-dilator nerves, we must conclude 
that protoproteose in contradistinction to other products of this class, 
practically annihilates the excitability of these fibres also. : 

To my mind however the fact argues rather against the above 
explanation being the true one, and more for the theory of passive 
expansion as the result of constriction elsewhere. It will be remembered 
that irritability of the spleen is not completely abolished by proto- 
proteose. | 

(4) Heteroproteose, The influence of heteroproteose on the liver 
PH. XXV. 2 


‘ * 
if 
} 
E>. 2 
: 
* 
* > 2 
* 
* 
‘4 
2 — 
wig 
i 
4 
4 
2 
2 J 
2 
2 
* 
* 
ic 
* 
. * 
N 
= 
4 4 
4 
7 
2 
— 
¥ 
‘ 
2 
ay 
. 
* 
My 
8 
\ 
~ 
a 
© 
. 
‘ 
72 


18 PV. H. THOMPSON. 
proved to be rather weaker than that of the foregoing body. Further- 


more the dilatation, consequent on spl&nchnic excitation after the 


proteose injection, was not in this case by any means absent. These 
points are shown in the accompanying figure. 


Fig. II. Showing tha of t the of 
the Liver and on the eplanchne generally. 


6. Eros ON LIMB BLOOD VESSELS. 


In a previous article’, I stated that there was reason to believe that 
limb blood vessels should also be included amongst those upon which 
Witte’s peptone exerts a dilating influence. This conclusion. was 
arrived at from indirect evidence only. 

In the present research observations have been carried out the 


general results of which go to show, that while an influence is undoubtedly | 
exerted by this and allied substances, it is much less than I had 


previously been led to suppose. In fact in this respect, limb blood 


vessels seem to be less affected than any others, not excepting those of 


the kidney. 
In carrying out the e the mode of procedure was, = 


‘Thompson. This Journal, xx. at 465. 1896. 
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necessary modifications, the same as that already described in the case 
of other districts, The recording instruments used were a Mosso’s 
plethysmograph and a Marey’s drum. The sciatic nerve, or in some 
cases the spinal cord, was excited. The former method is, I think, the 
better. The effect on the limb vessels is not obscured by vascular 
effects elsewhere. 

Nevertheless, excitation of the 3 cord 1 the advantage that 
the effects on two different districts may be observed and compared 
under the same conditions. 

It is hardly necessary to say that curare was employed in all of the 
experiments belonging to this series. 

(a) Witte’s 3 Fig. 12 ache an illustration of the effects of 
this product. 


Fig. 12, Showing the effects of W peptone on the blood vessels of the hind limb of 
the dog. 


In the 5 e e excitation of the left sciatic before the 
‘peptone’ injection caused a well-marked normal constriction of the 
limb, with trifling rise of blood-pressure. 

The same repeated after the injection still ack a decided 
constriction in the limb, less marked however than before, but was 
practically without influence on the blood-pressure. Other experiments 
with Witte's peptone showed similar results. While it cannot be 
denied, therefore, that some influence is exerted on limb vessels by this 
product, still the effect is exceedingly slight. 

It is further to be pointed out that no dilatation in the limb curve 
was observed during the fall of pressure, which the injection of peptone 
produced. In this respect also the limb record comes nearest to that 


of the kidney, while it contrasts with those of the intestine, spleen, and 
liver, 
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W. H. THOMPSON. 
(b) Other Products. (1) Purified Peptone. It was not to be 
expected that amphopeptone would produce any appreciable effect on 
limb blood vessels, since in all other cases its influence was found to be 
very much inferior to that of Witte’s peptone. In a single experiment 
made with this product this inference proved to be justified ; no effect 

in fact was manifested. 

(2) Deuteroproteose. This product likewise proved inns in- 
effective on the vascular district here dealt with. In Fig. 3, p. 5, 
an illustration of this is given. The uppermost curve in the figure 
represents a tracing of limb volume. Reading this from left to right, 
three constrictions are shown, all produced by excitation of the spinal 
cord with the coil at 8. The first of these was made prior to the injection 
of deuteroproteose (0°2 grm. per kilo), the two latter subsequent to 
this event. Only the third of the series shows any effect, and that 
a comparatively slight one. Other tracings supported the same in- 
ference, 

(3) Primary Proteoses. Proto- and heteroproteose manifested a 
somewhat greater influence on limb vessels than the foregoing sub- 
stances, vaso-mobility was not however by any means wholly abolished. 
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SuMMARY OF RESULTS. 
Splenic: 

(1) The vessels of this district share to a moderate extent in 
the dilatation, which produces the fall of general blood-pressure, fol- 
lowing an injection of ‘peptone’ or albumoses. 

(2) Vaso-mobility is diminished in the splenic district, but to a 
less degree than in the intestinal. In this respect the vessels of the 
spleen take a position intermediate between those of the kidney and 
the intestine, 

(3) Proto- and heteroproteose are here also the most effective 
constituents of Witte’s peptone. Deuteroproteose and purified peptone 
have comparatively little influence. 

Liver District. 

(1) The vessels of the liver suffer an enormous dilatation under 
the influence of ‘peptone’ and albumoses, corresponding to the period 
of general fall of blood-pressure. 

(2) This dilatation is primarily due to an increased onflow of 


‘blood from the vessels of the portal system, and not to mere stoppage 


from — weakening of the heart. 
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(3) Under conditions of great fall of blood-pressure resulting 
from vascular dilatation in the splanchnic region, the chief accumula- 
tion of blood seems to take place in the liver—exceeding even that in 
the vessels of the intestine. 

(4) The vessels of this organ owing to their easy dilatability 
probably play the part of a safety receptacle to the heart, thereby 
guarding it against over-influx of blood’, under conditions of great dila- 
tation in the splanchnic vascular district. 

(5) The substances examined produce a great depression of 
vaso-mobility in the liver district, the vessels of the organ thus 
showing a high degree of susceptibility to the influence of peptone 
and albumoses. 

(6) The different substances show the same order of potency in 
their influence on the liver district as is manifested by them elsewhere. 


Limb vessels. 


(1) Some influence is n exerted on the limb vessels 
by the products here dealt with, but this influence is very slight, less 
even than in the case of the renal vessels. 
| (2) Little or no dilatation is experienced by limb vessels during 
the period of fall of general blood-pressure. 
| (3) Here also the influence of the primary proteoses is greater 
than that of the other bodies examined. Indeed the former may be 
said to be the only members of the group which possess any influence 
on limb vessels. - 

In addition to the foregoing conclusions concerning the organs 
individually some others of a comparative nature may be drawn con- 
cerning the relative susceptibility of the different local vascular districts 
to the bodies here studied. They are as follows: 

1) The blood vessels of different regions manifest a varying 
degree of susceptibility to ‘peptone’ influence, and play an unequal 
part in producing the general results which follow an injection of 
‘peptone’ or albumoses. 

(2) The vessels of the splenic, intestinal, and hepatic districts, 
constitute a group eminently sensitive to ‘peptone’ influence, while 
those of the kidney and limbs are eminently insensitive in this respect. 

(3) Amongst the vessels of the first group, those of the splenic 
district are least susceptible, those of the liver most so, while those of 
the intestine occupy an intermediate position. 


1 See footnote p. 14. 
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ON THE INNERVATION OF THE LONGITUDINAL 
COAT OF THE SMALL INTESTINE. By J. L. BUNCH, 
M.D., D.Sc. (Ten Figures in text.) | 


(From the Physiological Laboratory, University College, London.) 


In investigating the action of the longitudinal coat of the small 
intestine’, it has seemed to me advisable to make trial of various 
methods which have at different times already been employed. The 
earliest method of all, that of inspection, gave admirable results in the 
hands of Johannes Miiller, and the more modern employment of 
graphic methods to a certain extent only enables one to confirm many 
of the results obtained by him long ago. The difficulties encountered 
in interpreting the phenomena which direct inspection shows are, 
however, far from small, since the contractions of the circular coat 
cannot fail to make themselves apparent through the thin outer coat. 
It thus becomes a matter of uncertainty how far the contractions 
observed are caused by one or by both muscular coats, 
The graphic methods which I first employed consisted essentially 

of some arrangement of levers, attached, by means of a thread which 
passed over one or more pulleys, to one end of a segment of in- 
testine, the other end of which was made fast to a fixed point. 
The most satisfactory of such apparatus was a modification of 
Professor Schifer’s heart lever, consisting of a strip of flexible metal 

with a writing point at the free end, which was attached about the 
middle by means of a thread to one extremity of an isolated segment 
of intestine in such a way as to record the contractions of the longi- 
tudinal coat. By employing the small heart hooks which constitute 
part of the apparatus for recording cardiac contractions, and inserting 
the point just within the longitudinal coat, it was possible to avoid any 
section of the intestine or tying of ligatures round it. Another modi- 
fication consisted in the employment of two india-rubber tambours 
arranged as in the transmission-myograph of Marey. 

1 The expenses of this research were in part defrayed by a grant from the Royal 
Society. 3 | 
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INNERVATION OF INTESTINE. 23 
These methods all gave good enough results, and moreover enabled 


the contractions of the circular coat to be recorded at the same time, 


but I was dissatisfied with them for various reasons. First, they 
involved the removal of a coil of intestine from the abdominal cavity, 
and the placing of it in a bath of warm saline solution, or other fluid, 
under conditions of moisture and exposure which could scarcely be 
considered normal. Then, again, the segment of intestine was attached 
by its mesentery in such a way that the contractions must necessarily 
travel along the are of a circle instead of along a straight line, and any 
alteration in the curvature must affect the recording lever. 

More recently, I have made use of the piston-recorder described by 
New in the Journal of Physiology of May 11th, 1899, inserting it with 
the broad end towards the pylorus into a short segment of intestine 
through an incision on the side of the gut farthest away from the 
mesenteric attachment. The proximal end is then fixed in position by 
means of a single stitch passed directly through both coats of the 


intestine, and the opposite end of the recorder is connected by means 


of an india-rubber tube with a recording tambour, the segment of 
intestine being returned to the abdominal cavity. A further modifica- 
tion of the apparatus was suggested by Professor Schafer, and 
consists in fixing to the broad proximal end a small perforated bead of 
glass, through which a pin passes transfixing also the intestinal wall on 
either side. This apparatus records only the contractions of the longi- 
tudinal coat, and is unaffected by any movements of the circular fibres 

of the intestine. : 


1 of the splanchnic nerves. 


The splanchnic bas been generally considered to contain both motor 
and inbibitory fibres for the intestine, the statement that it contained 


motor fibres being made as long ago as 1837 by Johannes Müller! 


The motor functions of the splanchnic have since been upheld by 
Schiff“, Nasse“, Ludwig and Kupfer“ Ehrmann’, Bechterew and 
Mislawski“ and quite recently by Courtade and Guyon’. Schiff 


1 Handbuch d. Phys. des Menschen, 1. 1837. 

2 Lehrbuch der Phys. des Menschen, Lahr, 1858. 

3 Beitrige zur Phys. der Darmbewegung, Leipzig, 1866. 

* Zeitschr. fur rat. Med. 1857. | | | 
5 Wiener Med. Jahresbericht, 1885. 

6 Arch. f. Phys. 1889. 

7 Arch, de Phys. 1897. 
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24 J. L. BUNCH. 


laid stress on the point that the physiological action of the splanchnic 
was a motor one, but that when the nerve was exhausted by too 
strong a stimulus its activity was diminished and inhibition resulted. 
Some difference of opinion has arisen among these authors as to 
whether the splanchnic is a motor nerve for the circular or for the 
longitudinal coat; this is a difficulty which can only be combated 
successfully by means of graphic records, 


Fig. 2. Effect on the longitudinal coat of splanchnic stimulation. The upper tracing is 


that of the longitudinal coat, the lower tracing is the plethysmographic record of a 
segment of small intestine. a 3 
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side by resection of one or two ribs, and then it was isolated and cut. 
As a rule, weak currents were employed; in order to prevent any 
possible implication of the vagi, these nerves were in some cases 
divided in the lower part of the thorax. ) 
I have previously shown that the splanchnics contain both motor 
and inhibitory fibres for the circular coat of the intestine, and this 
seems also to be the case for the longitudinal coat. In many cases, 
excitation of either splanchnic with a moderate current produces 
inhibition more or less well marked of the longitudinal contractions, 
‘which may be followed by systolic tone of the longitudinal coat. Such 
systolic tone may only appear after the current has been shut off 
(Fig. 2), or it may be the first effect produced (Fig. 3). This is the 


Fig. 3. Splanchnic stimulation. The upper tracing is that of the longitudinal coat. 


case only when a current of moderate intensity is employed; the effect 
cannot be induced by weak currents. The latent period of such tonic 
contraction is greater than that of pure inbibition, but the duration of 
the systolic tone is usually less than that of the diastolic tone for the 
same strength of current, Fig. 4 shows the effect on both coats of the 
intestine at the same spot of splanchnic stimulation, the segment of 
_ intestine being outside the abdominal cavity in a bath of warm saline 
solution. The longitudinal contractions were recorded by attaching 
one end of the intestinal segment to a fixed point and connecting the 
opposite end by means of a thread which passed over a pulley with the 


a 
% 
q 
— 
* 
75 
2 
4 
— 
5. 
4 
4 
— 
= 
~ 
“a 
25 
BY 
a 
R. 
* * 
4 
* 
“at 
* 
4 
< 
4 7 Fa 4 
a k 
§ 
* + 
4 
2 
N 
* 
a 
j 
& 
. 
4 
2 2 
4 
4 
7 
wy 
<a 
4 9 
he 
2 
— 
wh 
4 
2 
j 72 
q 
* 
* 
8 


recording lever. Stimulation of the splanchnic with the coil at 8 em. 
produced simultaneous systolic tone of both coats of the intestine. 


: Vig. 4. Effect of splanchnic stimulation on the longitudinal and circular coats 
respectively of the same segment of small intestine. 


In a recent paper Bayliss and Starling’ have denied that the 
splanchnics contain any motor fibres for the intestine. They state that 
any apparent motor effect obtained on splanchnic stimulation is due 
not to contraction of the muscular fibres of the wall of the intestine, 
but to contraction of the blood vessels in the walls. If this be the case, 
there seems no obvious cause why these pseudo-motor effects should 
not be obtained with the intestine outside the abdominal cavity; the 
above-mentioned observers state, however, that they have never been 
successful in obtaining them under such conditions. It is, moreover, 
difficult to see how vaso-motor constriction of the intestinal vessels 


could cause any considerable apparent contraction of the longitudinal 


1 This Journal, xxtv. p. 99. 1899. 


} 
tr 
4 
— 
MA 
* 
2 
75 
j 
* t 
* 
* . 
‘ 
1 
“4 a 
4 
— 
1 
af 
7 
3 E. 
8 f 
f 
N. 
* 
4 
. 
* a 
2 
4 
8 G 
2g 4 5 
* 
{ 
a 
ug — > 
22 
. 
« A 
“a — 
AS 
‘ 
3 
8 
i 
1g 
q 
— 
5 
a 
“oA 
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coat, even if such were possibly the case with the eircular coat; the 
published tracings of Bayliss and Starling appear indeed to refer 
only to the circular coat. 


Fig. 5 is a tracing of the contractions of the longitudinal coat 


* 5. Effect of splanchnic stimulation on a segment of small intestine 
outside the abdominal cavity. 


obtained by means of the longitudinal eee from a segment 
of intestine outside the abdominal cavity in a bath of warm saline 
solution. The normal rhythmic contractions of the longitudinal coat 
recur at regular intervals of five seconds, and are synchronous with 
those of the circular coat. Moderately strong stimulation of the 
splanchnic caused systolic tone of the longitudinal coat of moderate 
extent, preceded by a short stage of diastolic tone. The plethysmo- 
graphic record showed that splanchnic stimulation caused simultaneous 
constriction of the intestinal vessels, but it is probable that this could 
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give rise to but very small diminution in length of the longitudinal 
coat. The heart was then excised as rapidly as possible, causing the 
plethysmographic lever to fall very quickly until it ceased to record, 
and the splanchnic was again stimulated. Systolic tone of the longi- 
tudinal coat was again produced, but of less absolute extent than 
before, though in comparison to the height of the diminished intestinal 
contractions its range was not very much less (Fig. 6). 


Fig. 6. Effect of splanchnic stimulation on the same segment of intestine 
as in the preceding figure, after rapid excision of ‘the heart. 


This experiment shows that such systolic tone of the longitudinal 
coat is quite independent of any constriction of the intestinal vessels. 

The systolic tone of the longitudinal coat which is produced by 
splanchnic stimulation is best seen in the duodenum; it may be 
accompanied by entire cessation of the regular rhythmic contractions, 
or these may be superimposed on the tracing, though of diminished 
extent. The anzsthetic used in these experiments was ether, with or 
without curare ; it was found that the administration of a considerable 
dose of morphia abolished the motor action of the splanchnic. It has 
been shown by v. Vamossy? that an intravenous dose of only 40 mg. 
of morphia has an inhibitory action on the intestinal contractions’. 

In those cases in which tonic contraction of the longitudinal coat 
resulted from splanchnic stimulation, some experiments were carried 
out in order to determine whether simultaneous contraction occurred at 
all parts of the small intestine. When the two piston-recorders were 


at some considerable distance from one another, excitation of the 


splanchnic produced in some cases contraction of both segments 
(Fig. 7), but when separated only by a distance 5 a few inches it was 


1 Deutsch. med. Wochenschr. 29. 
2 This may explain why Bayliss and Starling missed observing the contraction on 
splanchnic stimulation. 
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found that, though splanchnic stimulation caused contraction of the 
longitudinal coat of the upper segment, this was accompanied by 
inhibition of. the lower segment. | 


Fig. 7. Effect of splanchnic stimulation on the longitudinal coats of two 
segments of small intestine respectively. 

When both vagi and both splanchnics had been divided, and when 
splanchnic stimulation caused systolic tone of both intestinal segments, 
a ligature was tied round the intestine midway between the two piston- 
recorders, After the initial inhibition, which affected both segments 
of intestine, and therefore travelled upwards as well as downwards, had 
passed off, excitation of the splanchnic with the same strength of 


current as before still produced tonic contraction of the segments both 
above and below the ligature. 


Influence of the vagi. 


When stimulating the vagi, the nerves were exposed in the thorax 
as they lie on the osophagus. In a few cases, the nerves were 
stimulated in the neck, both before and after the administration of 
atropin. When both splanchnics had been previously divided, stimu- 
lation of the peripheral end of either vagus in the thorax with a strong 
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current produced an effect on the longitudinal coat very similar to that 
observed in the case of the circular coat, a preliminary inhibition being 
followed by well-marked augmentation (Fig. 8). | 


Fig. 8. Dog. Stimulation of peripheral end of cut intrathoracic vagus. 


This is best seen after repeated stimulations, The latent period 
is somewhat greater than in the case of the circular coat, and 
the secondary augmentation of the longitudinal contractions is with 
difficulty obtained after a considerable dose of morphia has been given. 
Especially in the case of the duodenum is this augmentation well seen ; 
or vagus stimulation may produce tonic contraction of the longitudinal 
coat of very considerable extent unassociated with inhibition. In the 
jejunum and ileum inhibition is more marked, and secondary increase 
of the longitudinal contractions is not such a prominent result of 
vagus excitation. Fig. 9 is a tracing taken from the second part of 
the duodenum, and shows tonic contraction of the longitudinal coat 
of considerable extent followed by increased size of the waves of 
contraction. 

Stimulation of the central end of one vagus in the thorax after 
division of one splanchnic, the remaining vagus and splanchnic being 
still intact, produces cardiac inhibition, and in some cases contraction 
of the longitudinal coat. The inhibitory effect directly produced by a 
ligature on the segment of intestine below the ligature passes off 
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before long, and the effect on the longitudinal coat of stimulation of 
the peripheral end of the cut vagus once more appears, even though 


Fig. 9. Stimulation of peripheral end of out vagus in the thorax. The lowest curve 
is a plethysmographic tracing of a segment of small intestine. | 


the ligature be but a short distance above the segment of intestine 
which is under observation. 


_ Successive stimulation of vagus and splanchnic nerves. 


Some experiments were performed in order to determine how far 
previous stimulation of one nerve affected the results which were 
normally obtained on excitation of another. In those cases in which 
after repeated stimulation of the vagus augmentation of the intestinal 
contractions had been produced by vagus excitation, it was found that 
stimulation of the splanchnic immediately afterwards produced the 
usual effect, though the latent period was slightly longer than usual. 
Fig. 11 similarly shows that, after preliminary stimulation of the 
_ splanchnic, excitation of the vagus immediately afterwards gave rise to 
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augmentation of the intestinal contractions to an extent quite as great 
as before the splanchnic effect had been induced. 


Fig. 10. Dog. Successive stimulation of splanchnic and vagus in the thorax with a 
moderately strong current. The upper tracing is that of the longitudinal coat, 
the lower tracing that of the intestinal plethysmograph. 
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THE EFFECT OF COMPRESSION ON ONE LUNG ON 
- RESPIRATORY GAS EXCHANGE. Br VAUGHAN 
HARLEY, M.D.. 


(From the Department of Pathological Chemistry, University College, 
London.) 


I spite of former experiments the influence on the exchange of gas 
from the lungs when one lung is rendered artificially 1 is a 
subject which requires further investigation. 

Rauber! found that in rabbits there was a decrease in the quantity 
of oxygen taken in and carbonic acid given out in an artificial pneumo- 
thorax. 

Moller*, working with Voit's apparatus in his laboratory, was 
unable to find any difference in the respiratory gas exchange in man 
when the breathing space in the lung was markedly diminished. 

Wiel and Thoma“ on the other hand found that when they 
obstructed the right pleural cavity by injecting cacao-butter, this was 
followed in rabbits by an increase in the quantity of air breathed, | 
there being not only an increase in the frequency of respiration but 
also an increase in the carbonic acid output from the lungs. 

As rabbits seem to be the only animals which have shown this 
change, I have repeated the experiments on dogs. 

In this research, in one series the right and in the other series the 
left lung was the one which was compressed, so as to see if there was 
any difference in the action of the two lungs which might be explained 
by the displacement of the heart, etc. | 
In any experiment into the gas exchange, it is necessary to keep 
the animals during the time of observation so that there should be no 
‘muscular movements which will alter the quantity of carbonic acid 


1 Rauber quoted by K. Moller. Zeit. J. Biol. v. 14, p. 642. 1878. 
2 K. Moller. Zeit. f. Biol. v. 14, p. 542. 1878. 
* A. Wiel and R. Thoma, Virchow’s Archiv, v. 75, p. 488. 1879. 
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given off, as these by themselves would be sufficient to vitiate the 
whole experiment. 

The dogs were first kept under ether alone, but it was found 
practically impossible to regulate the narcosis, so that the animal was 
not at one time taking more ether than another. Various other 
substances were tried, such as chloral, etc., in order that the difference 
in the amount of air breathed which occurred, according to the amount 
of ether given, might be got over. 

After some time having been lost in preliminary experiments, it 
was found that by giving dogs a sufficient dose of morphia some few 
hours previously, the animal would be so completely narcotised that 
throughout the observation no voluntary muscular movement occurred 
which could vitiate the result. 

Method. In the experiments about to be related, the animals were 
given a morphia injection some two or three hours previously, and then 
under ether, an incision was made in the mid-axillary line between the 
fourth and fifth ribs, and a thin rubber bag inserted either into the left 
or right pleural space. By means of a little care the bag was able to 
be inserted without admitting any air whatsoever into the pleural space, 
and practically without disturbing the respiration at all. The animal 
was then attached to the respiratory apparatus of Zuntz, and after 
some time two or more normal periods of respiration were analysed; the 
rate of breathing being counted every quarter of an hour, and the 
temperature being taken per rectum half-hourly. 

When it appeared that the animal was breathing pretty regularly, 
the bag in the pleural cavity was distended with a known quantity 
of fluid, and two or three subsequent periods of respiration were 
examined. This having been done, some of the fluid was allowed to 
escape from the bag, and after this the respiratory gas exchange was 
again estimated. 

Naturally it is necessary, to see that the prolonged administration 
of morphia produces no change in the amount of air breathed or the 
carbonic acid output, the experiments with ether, chloral, etc., having 
given various results. It is only necessary here to give one experiment 
as the others when morphia alone was subcutaneously given yielded 
similar results, 
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RESPIRATORY EXCHANGE. 85 
The Effect of Prolonged Narcosis with Morphia on the Respiratory 
Gas Eachange. Table I. 


In this case the dog was given morphia sub-cutaneously at 9 a. m., 
1 cc, of a 10% solution of morphia being in all cases employed. 


Tarn I. The effect of prolonged narcosis with morphia on the 


respiratory gas exchange. 
Dog weighing 9-75 kilos, given morphia subcutaneously at 9 a.m. 
Duration Air 0 CO, Rate 


I 11.39am. 52 11773 £6689 5425 O81 17-18 36° Normal 
I 132.35 p.m. 54 12170 =$%72°63 61:19 O86 17-18 85° 
II 2.46 „ 44 18320 6265 43864 O70 18-19 36°5° 75 
IV 448 „ 40 15270 69°97 6154 O88 19-20 385°5° 10 


It is thus seen that in the second period the animal did breathe 
a little more air, absorbing a little more oxygen, at the same time 
giving out a little more carbonie acid . previously, the respiratory 
quotient remaining constant. 

In the next period commencing at 2.45 p. m., the animal did not 
breathe quite as regularly as before, as it fluctuated from eighteen to 
nineteen respirations per minute. And after the period was estimated, 
namely, at 3.45 p.m. the respirations ran up to twenty-six per minute. 

During this experiment, the animal's temperature was 35° C. until 
the reading at 3.10 p.m. when it had risen half a degree, and at 5 p.m. 
was still 35°5°C. From this we may consider that the temperature did 
not play any active part in these slight variations in the frequency of 
respiration. Also the prolonged narcosis only caused the respirations 
to be increased between three and four o'clock, and only on one 
occasion up to twenty-six per minute. At the same time when we 
examine this table we find that in the successive periods there was a 
tendency for the dog to breathe slightly more air with the increased 
frequency of respiration, at the same time the amount of e 
absorbed did not vary pari 

It may therefore be e, that although a slight i increase in 
the rate of breathing may have caused a slight increase in the quantity 
of air breathed, it did not cause any increase in the oxygen absorbed, 
and at the same time there was not any increase in the quantity of 
carbonic acid eliminated from the lungs. The respiratory quotient also 
remained practically constant throughout the narcosis. 
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Having this normal dog under the influence of morphia as a type, 
we can now turn to the experiments in which one pleura was partially 
obliterated. 

In order that the results of this research may be better borne out, it 
will be well to take the experiments not in the order of their sequence, 
but as appearing most to demonstrate what seems to be the effect * 

compression of the lung. 


The of Compremion 


Exp. 92. In Table II. it is seen that two periods were investigated 
before the lung was compressed. The dog was given morphia at 9 a.m. 
and the bag inserted into the left pleura at 10 a.m. under ether. 

When we compare the two normal periods we find that in spite 
of the rate of breathing being somewhat increased, the amount of air 
breathed was practically the same, while the amount of oxygen taken 
in and the amount of carbonic acid eliminated shows a very slight 
diminution ; the respiratory quotient, however, remained constant. 


Taste II. The effect of compression of the left lung on respiratory gas exchange. 


Dog weighing 10°20 kilos. Operation at 10a.m. 640c.c. water injected into bag in pleural 
cavity at 2.40p.m. Water allowed to flow out at 5.15 p.m. and 580 c. o. escaped. 


Duration Air 0 CO, Rate 
in de. cc. cc. ofrespi- Temp. 
Time mins, per min. per min. per min. 0 raten G. Remarks 


12.15 p.m. 85 166819 97°22 73°56 0°76 20-23 35° Normal 
119 „ 36 167024 92°90 71°21 0°77 25-26 36° 1 


1 

II 

IIT 2.52 „ 18 8810°48 160-67 12808 0°79 21-26 36° Lung compressed 12 mins. 
IV 8.16 „ 18 8824518 14614 126-41 086 29-36 35° „ „ 86 „ 
v 
VI 


4.43 „ 20 8010°60 128°15 94°50 0°74 34-37 386° 
5.38 „ 19 8899°64 146°68 107°13 0°72 32-34 36% Compression removed 23’ 


At 2.40 p.m. the bag in the left pleural space was filled with 640 C. c. 
of warm water. The inflation of the bag in this case caused very little 
immediate alteration in the rate of breathing, and at 2.50 p.m. the 

animal was breathing quietly. 

We thus see that the immediate effect of obliterating 640 cc. of 
breathing space in the lungs, and at the same time causing the heart 
to be pressed over to the right side and the apex no longer to be felt, 

led to a slight acceleration in the rate of respiration over the first 
period, but no increase over the second, In spite of this the animal 
breathed twice as much air as it did previously, the oxygen absorbed . 
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and the carbonic acid eliminated being also almost double, but the 
respiratory quotient remained very nearly the same. 

: We have in the fourth period a marked increase in the quantity of 

oxygen absorbed and carbonic acid eliminated, but not quite so marked 

as the one which occurred during the third period, twelve minutes 

after compression of the lung. 

Thus we have in these three periods in which the left lung was 
compressed an increase in the amount of air breathed per minute, an 
increase in the amount of oxygen absorbed, per minute, and an increase 
in the amount of carbonic acid eliminated, the respiratory quotient 
however, being, all things considered, very little altered. 

During the three periods IIL, IV. and V., there was however a 
tendency to decrease in the amount of air breathed per minute, 
although not brought out in IV. where there was a slight increase but 
a definite decrease in the amount of oxygen absorbed, varying from 160 
to 128 Cc. during the two hours, and also a decrease in the amount of 
carbonic acid eliminated varying from 128 to 94 C. o. in the same period 
of time. 

In spite of this there was an increased rate of respiration, having 
increased from 21 to 37 respirations per minute. At the same time 
the temperature had risen somewhat. The temperature at the com- 
mencement of the day—10.30 am.—being 35 C., remained so until 
1.30 p.m. during the second normal period, when it had risen to 36° C. 
At 2.50 p.m. it had fallen again to 35° C., so that when the first marked 
increase in oxygen absorbed and carbonic acid eliminated occurred, the 
temperature was really the same as previously. 

At 3.55 p.m. the temperature was again 36°C. and continued the 
same until 6.10 p.m. when it rose to 37° C., so that practically one may 
conclude that this increase in the amount of oxygen absorbed and 
carbonic acid eliminated has certainly nothing to do with any febrile 
change; one can also conclude that it is not due to an increased rate 
of respiration, as in this dog during the first period in which the lung 
was compressed (III.) the rate of breathing was no more rapid than 
during the three normal periods, and during this time there was the 
greatest change in the amount of air and increase in the amount of 
oxygen absorbed and carbonic acid eliminated. 

It was possible that some of this change was due to the pressure 
of the bag having displaced the heart and thus altered the circulation 
through the lungs, so that at 5.15 p.m. the fluid was allowed to escape 
from the bag, and of the 640 c.c. injected 580 c.c. thus escaped. 
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Twenty-three minutes later when the animal began to breathe 
more regularly, the sixth respiration was s commenced (at 5.58 p.m.) and 
continued nineteen minutes. 

We have here in spite of removal of any compression on the lung, 


and therefore any displacement of the heart and blood vessels, still an 
increase in the absorption of oxygen and elimination of carbonic acid. 


Therefore one may conclude that neither increased rate of respiration 


or increased temperature, or the displacement of the heart is the cause 


of this increased volume of air breathed and increased oxygen absorbed 
and carbonic acid eliminated. 

Before discussing this further for possible explanations, one must 
refer to some other experiments. 

Having described what one may call a typical case in which the 
lung has been compressed for some time, we now turn to another case 
in which the lung was compressed for some three hours, but in spite 
of this the alteration is not so marked as in the first case although it 
confirms the result. 

In Table III. the results of W of Exp. 81 are briefly 
summarised. 


Taste III. The effect of compression of the left lung on 
respiratory gas exchange. 


Dog weighing 8°33 kilos, given morphia at 9a.m. Operation at lla.m. Injected 500c.c. of 
water into bag in left pleural cavity at 2.50p.m. 430 C. 0. of water allowed to escape from bag at 


5.50 p.m. 

Time mins. per min. per min. oat eal, 0 dena C. Remarks 
I 12a. m. 63 93660 58°74 43°95 0°75 19-21 36° Normal 1 hour after operation 
II 2.1 p.m. 837 83236 47°20 35:48 0°75 18-18 36° „ 3hours „ 
II 3.3 „ 105 1855°98 75°62 64°29 0°72 51-60 386° Left lung compressed 1 hour 
IV 5.11, 29 1916°76 76°18 65°96 0°74 652-58 386° „ „ „ s hours 
V 6. 10 „ 24 219780 75°65 53°79 0°71 36-78 36% Compression removed 20’ 


We see from these two normal periods that the animal breathed 
comparatively speaking quietly, and during the time the temperature 
in the rectum was 36°C. At 2.50 p.m. into the bag in the left pleural 
space 500 C. c. of warm water was injected during two minutes. The 
injection caused for some few minutes rapid breathing to the rate of 
70 per minute, which after five minutes fell to 59, and then during the 
next two hours varied from 51 to 60 per minute. 

During period III. we see that after the lungs had been compressed 
fifteen minutes, we have a rise during the next 105 minutes in the 
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amount of air breathed, being three times the amount that the animal 
breathed when the lungs were undisturbed. With this increase in the 
amount of air breathed per minute, the quantity of oxygen absorbed 
was double that during the normal period, the quantity of carbonic acid 
eliminated. per minute was also very much increased, the respiratory 
quotient remaining practically the same as before. 

During the fourth period the same results were obtained. 

So we find that during these two periods in which the lung was 
compressed, practically the whole of the lung rendered useless and the 
heart pushed over to the right side, that there was an enormous increase 
in the amount of air breathed per minute, and this was accompanied 
with an increased absorption of oxygen and elimination of carbonic acid. 
Accompanying this is also a marked increase in the rate of respiration, 
and if this experiment had been considered first, one would believe 
that the increased rate of respiration was the cause of the increase in 
the amount of air breathed per minute, but in the former experiment 
112, one saw that it was not necessary to have an increased rate of 
respiration to get a marked increase in the amount of air breathed per 
minute, 7 

With the increased rate of respiration, one also finds in this case 
that there is an increased absorption of oxygen by the tissues and an 
increased output of carbonic acid. 

The fluid was allowed now at 5.50 p.m.—that it to say after the 
lung had been compressed for three hours—to escape from the bag, and 
430 c.c. was removed. 

During the fifth period the rate of breathing varied from 36 to 78, 
and we have the animal in spite of the compression of the lung having 
been removed, breathing a larger quantity of air than in any of the 
previous periods. The quantity of oxygen which was absorbed per minute 
remained practically the same as during the time in which the lung 
was compressed, and the quantity of carbonic acid eliminated was also 
the same, so we have really in this case exactly the same results as far 
as the gas exchange from the lung is concerned, as in Exp. 92, except 
that we have this change accompanied by an increased frequency of 
respiration. 

So far these two experiments seem conclusively to demonstrate that 
when one lung is compressed and rendered practically useless, the other 
lung is capable not only of breathing as much air as the two lungs, 
but is for some reason made capable of absorbing more oxygen and 
eliminating more carbonic acid than under normal circumstances. 


* 
7 
a 
3 
iw 
* 
N. 
2 
4 
* 
2 
i 
ag 
4 
* 
my 
N. 
* 
6 
* * 


40 F. HARLEY. 


In this case the influence of temperature and metabolism can be 
put out of count, for throughout the experiment the temperature in the 
rectum remained constant at 36° C. while in the last experiment we get 
some slight change in the temperature. 

We now turn to the next experiment 85. Table IV. gives the 
results obtained. | 


Tal IV. The effect of compression of the left lung. 
Dog weighing 6-75 kilos. Operation at 12 a. m. At 8.10 injected 480 b. o. of water into bag in 


left pleara, while at 4.80 water allowed to flow out and 408 0.0. removed. 


$< 48 


> of respi- Temp. 


“Time — ner our ration C. Remarks 

1.25 pm. 36 1616°23 66°94 44°40 0°66 385-46 83° Normal 85’ after operation 
2.7 „ 48 110636 41°16 82°32 0°79 45-46 35° ,, 127’ 10 

8.22 „ 31 1795°48 68°46 64°02 0°78 23-84 35° Left lung compressed 12’ 
8.57 „ 42 1967°67 70°41 50°98 0°72 38-44 85° 5 5 47⁰ 
4.47 „ 65 135669 64°02 47°24 0°74 87-42 85° Compression removed 17 
6.41 ,, 51 1128712 58°70 40°35 0°75 25-32 35° 10 181’ 


We have here during the two normal periods not quite so even a 


quantity, for during the first period the animal breathed more air and 


absorbed more oxygen and eliminated more carbonic acid than in the 


second period, and the respiratory quotient was somewhat low. 

At 3.10 p.m. into the bag in the left pleural space, 430 c.c. of warm 
water was injected. During this time the animal had marked dyspnea 
for some few minutes, the respirations reaching up to 70 and 80 per 
minute, but by 3.20 p.m. they had slowed down to 18 per minute, and 
during period III. they varied from 33 to 34 per minute. 

In period III. after the lung had been compressed twelve minutes, 
a marked increase in the quantity of air breathed and oxygen absorbed, 
with an increase in the quantity of carbonic acid eliminated occurred. 
This is all the more marked when one compares it with the normal 
period IT. 

During the fourth period the rate of breathing was somewhat in- 
creased over period III., being from 38 to 44 per minute, and with this 
there was an increase in the quantity of air breathed and oxygen 
absorbed, although there was no great increase in the quantity of 
carbonic acid eliminated. At thé same time when we compare this 
with the normal periods it is seen that there was in reality an increase 
in the carbonic acid eliminated. 
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The compression was now removed from the lung at 4.30 p. m. and 
430 c.c. of water was allowed to escape. 

During this time the animal breathed 1356°69 c. c. of air per minute 
and absorbed 64°02 c.c. of oxygen per minute, eliminating 47°24 cc. 
of carbonic acid per minute, the respiratory quotient being 0°74. 

There was a tendency after this to a decrease in the amount of air 
breathed, and there was a tendency also for the oxygen absorbed and 
the carbonic acid eliminated to return towards that which was found 
during the normal periods. 

During the next period VI., we have a still more marked return to 
the normal amount of air breathed, and a return to the normal oxygen 
absorbed and carbonic acid eliminated. 

In fact the results obtained in periods V. and VI. show that when 
the lung has only been compressed a short time it can return to the 
normal, and not continue, as it has in the previous two dogs, to absorb 
more oxygen and eliminate more carbonic acid than before. The 
explanation of this would seem to be that when the lung has been long 
compressed on removing the pressure the alveoli are unable properly to 
expand and resume their function; while when the compression has 
only been comparatively speaking a short time, as in this case—one 
hour and twenty minutes—the lung is capable of expanding and then 
the effect produced by the compression of the lung is no longer 
manifest. It would therefore seem that this effect of compression of 
one lung, causing an increase in the amount of air breathed with 
an increase in the amount of oxygen absorbed and carbonic acid 
eliminated, is not produced by mechanically pushing the heart over to 
one side, but is due in all probability to the change produced in the 
small blood capillaries in the alveoli of the lungs, which when the 
pressure is removed do not recover and hence continue to cause this 
increased out-put of carbonic acid and increased absorption of oxygen. 

The next exp. 88 is more or less nondescript, as, although it 
supports some of the facts brought out by the other experiments, at 
the same time it has various points of special interest. 

In Table V. the results are summarised. While the operation of 
placing the bag in the left pleural cavity was performed at 9.45 a.m. 
under ether, a little air was unfortunately allowed to enter the pleural 
cavity. | | 

At 10.20 a.m. the-respirations were twenty-one per minute, but at 
llam. they were twenty-three, and at 11.40 a.m. as much as thirty-six, 
and at 11.50a.m. being forty per minute. So there was steadily a 
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tendency to increase in the rate of breathing, and this really continued 
* to 12 30 pm. when ane reached e per minute. 


TaBLe V. of compreaion of the Wh 


Dog weighing 7°20 kilos. Operation at 9.40 a.m. 5206.0. of water introduced into bag 
in left-pleural cavity at 2.5 p.m. Water allowed to flow out at 3.55 p. m., 440 c.c. escaping. 


Time mins. — 05 Remarks 

I 10.54a.m. 50 1810°05 68°00 46°24 0°68 21-40 Normal 

II 12.14 p.m. 28 2516°95 48°91 44°40 0°91 30-42 
33 186229 49°58 38°57 0°78 24-38 
IV 48 1917°50 62°35 48°89 0°78 42-68 Left lung compressed 15 

V 3.12 „ 42 204601 66°52 46°99 O-71 48-62 15 1 ” 

4.11 „ 44 205819 85°05 52°55 0-62 42-70“ Compression removed 

45 193712 61°19 45°02 0°74 53-807 ” ” 70 


* Respiration tended to have Cheyne-Stoke character. 
+ Temperature in this case not taken. | 


When we compare these three normal periods we find that while 
the animal was breathing most rapidly as one would naturally expect, 
there was an increased quantity of air absolutely breathed, at the same 
time in spite of the increased quantity of air being breathed there was 
no increase in the oxygen absorbed. 

Again, during period II. there was some upsetting to metabolism as 
the respiratory quotient rose very considerably. This may be explained 
not quite by the upset in metabolism as in the error in the analysis 


caused by a period of twenty-three minutes which time one calculates 


as if the animal was breathing equally throughout the whole period, 
while in reality during a few minutes it was breathing very quickly at 
another period it was breathing very much slower, so that in all 
probability the rate of gas exchange varies at these different periods. 

At 2.5 p.m. into the bag in the left pleural cavity 520 c.c. of water 
was allowed to flow. During the time that the injection of water took 
place—some three minutes—the animal had considerable dyspnea, so 
that the rate of breathing at 1.40 p.m. was twenty-four per minute, 
and had risen by 2.15 p.m. to forty-two per minute. At the same time 
it was thought advisable to take a period for analysis. 

During the latter part of period V., at about 3.50 p.m. the animal 
showed considerable tendency to Cheyne-Stoke respiration. 

On comparing these two periods in which the left lung was 
compressed with the three normal periods preceding, we see that if we 
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take all three we find that there is a tendency to increase in oxygen 
consumed and carbonic acid eliminated during the time that the lung 
is compressed and this is accompanied with an increased rate of 
respiration. 

At the same time the increased rate of breathing at one time is not 
accompanied by increase in oxygen absorbed, although the quantity of 

air breathed per minute is very great. 

The water was then allowed to flow from the bag and 440c.c, 
escaped at 3.55 p.m. 

Period VII. shows a tendency to a slight decrease in the amount of 
oxygen absorbed and carbonic acid eliminated over the period at which 
the lung was compressed, at the same time the type of respirations 
having been so changed it is impossible to say that this is a return to 
the normal respiratory gas exchange and not due simply to the upset 
in the respiration. 

The animal was then killed and it was found that the bag was 
between the fourth and fifth rib in the mid-axillary line, that the left 

q lung, although the pressure had been removed was not properly 
J distended with air, so that undoubtedly it did not act in the latter two 
periods 

Having seen the effect of compression of the left lung on the 
respiratory gas exchange, experiments were now undertaken to see if 
compressing the right lung would cause the same effect as that on the 
left. It was possible in spite of the increased exchange of oxygen 
and carbonic acid ¢aused by the pressure on the lung on the left side, 
even continuing after removal of the pressure, that this might in part 
be due to the heart not having recovered its position after having been 

pushed over on to the right side. 


The Effect of Compression of the Right Lung on the Respiratory 
Gas Eachange. 


In these experiments the rubber bag was inserted in an exactly 
similar manner between the fourth and fifth rib in the mid-axillary 
line on the right side, and the experiments carried out in every way 
similar to those on the left. 

In Exp. 106, Table VI. a dog weighing 7 100 kilos had the morphia 
administered at 10.20 a.m. and at 12.30 p.m. the bag was inserted into 
the right pleural space. During the operation the animal stopped 
breathing as deeply as it did at the commencement, possibly owing to 
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44 P. HARLEY, 
a slight over-dose of ether, and then slowly breathed but not quite 0 


deeply as before. At one o'clock, however, the respirations were pretty 


43 


regular, about thirty per minute, at 1.15 p.m. they became slower, being 


only fifteen per minute and at 1.30 p.m. the first normal period was 


commenced and was continued during seventeen minutes. 


Tam VI. The cet of compression of right lung. 


A dog weighing 7°100 kilos was given morphia at 10.20a.m. Operation a 19.90 p.m. 
Injected 500 0. o. of water into bag in right pleural cavity at 3.40 p.m. 


Time mins. per min. per min. per min. ration 
1.30pm. 17 241771 100°71 67°61 0°67 84-35 34° Normal 
1.56 ,, 27 1800°65 57°34 39°99 0°69 
2.49 „ 46 22762 10089 65°38 0°65 


84-39 

85-41 
44 „ 35 82928 87°35 51°63 0°59 35-40 35° Lung compressed 
447 „ 80 82178 79°17 50°52 0°64 385-41 35° 


It is seen during the second period that the animal breathed less 
air and consumed less oxygen, and gave out very much less carbonic 
acid than before, although the respiratory quotient remained practically 
the same. 

During the three normal periods it is seen that the first and third 
correspond as far as the gaseous exchange, while during the second 
period without any apparent reason the animal breathed almost half 
the amount that it did on the other two occasions. 


94’ 
67’ 


At 3.40 p.m. into the bag in the right pleura 500 c.c. of warm water | 


was injected. This caused some dyspnoea, but at 3.45 p.m. the animal 
was breathing thirty-one respirations per minute and at 4 o'clock forty 
per minute. 


It is thus seen that the immediate effect of compression of the lung 


has here caused, Period IV., an increase in the amount of air breathed 
per minute, but at the same time there was no —— in the 
amount of oxygen consumed or carbonic acid elimina 

We thus have in the two periods in which the right lung was 
compressed the animal breathing more air than during the normal 
periods, but there was no increase in the amount of oxygen consumed 
or in carbonic acid eliminated over the periods I. and III., and only an 
increase over period II., so that from this experiment it would appear 


that the right lung acted differently from the left; that is to say that 


there was not an increase caused by the compression on the right side 


and a pressing over of the heart on to the left side. It was therefore 
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necessary to repeat the experiment to see if this really was the case or 
if it was simply the case in this special dog. 
In Exp. 112, Table VII., a large retriever weighing 17°700 kilos 
was given morphia at 9.30 a.m. and the operation of inserting the bag 
into the right pleural space was carried out at 12.20 p.m. At 12.30 p.m. 
the temperature of the rectum was 35°C. and the rate of breathing 
thirty-two per minute, and at 12.45 p.m. the respirations increased up 
to forty per minute. 


Taste VII. The effect of compression of right lung. 


A dog weighing 17-700 kilos given morphia at 9.50 a. m. Operation at 12.20p.m. Injected . 
480 c.c. of water into bag in right pleural cavity at 4.20 p.m. 


in — CO, — Temp. 
8 Remarks 

1 1.19 p. m. 14 89769 22957 163°54 0°71 29-30 35° Normal | 

Ir 148 „ 51 4081-1 18908 98868 O64 8435 35° ñ „ 

II 2.46 „ 29 48782 153 ˙34 93°16 O61 32-36 35° 

IV 481 „ 24 65255°0 16454 111°66 0°68 384-84 35° Lung compressed 11“ 

V 5 „ 85 55001 14700 10437 0-71 87-39 35° 
VI 5.56 „ 86 86918 10406 6823 O66 87-42 3° , „ 96 


During the three normal periods we see that in the first period 
the animal breathed almost twice as much air per minute, absorbing 
almost twice as much oxygen and eliminating almost twice as much 
carbonic acid per minute as during the other periods. At the same 
time the rate of breathing was not quite so quick and the temperature 
was the same. It would appear possible that this first period ought 
not to be taken as a normal period, as the animal possibly had not 
recovered from the effect of the operation and the addition of ether, 
as the second and third periods correspond very closely and might be 
considered normal. 

At 4.20 p.m. into the right pleural space 480 c.c. of warm water 
was injected. This caused a very transient ——. the animal soon 
however breathing as normal. 

The two periods IV. and V. very closely correspond and in both 
of them we see that when we take the second and third normal periods 
as our standard, there is a marked increase in the amount of air 
breathed per minute accompanied with an increase in the amount of 
oxygen and an increase in the amount of carbonic acid eliminated. — 

During this last period VI. we see that the animal really breathed 
more air and consumed more oxygen per minute, and eliminated more 
carbonic acid than during the normal periods, 
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When we consider the experiment as a whole it would appear in 
this case that the compression of the right lung caused an increase in 
the amount of air breathed, combined with an increased consumption 
of oxygen and an incréased output of carbonic acid, but that this was 

not so marked as when the left lung was compressed. 

We now turn to another experiment 109, Table VIII. A dog 
weighing 7°700 kilos was given morphia at 9.30a.m. and the bag was 
inserted into the right pleural space at 11.10 am., no air entering 
during the operation, and the animal breathed normally throughout. 


Taste VIII. The effect of compression of the right lung. : ; 
A dog weighing 7-700 kilos was given morphia at 9.30a.m. Operation at 11.5a.m. Injected * 
350 0. 0. water into bag in right pleura at 2.50 p. m. q 


— 


— 


— 


Air 0 CO, 005 
0. c. Cc, respi- Temp. 
Time mins. per min. per min. per min. 0 ration C. Remarks 


12.10 p. m. 78 715˙13 46°87 35°30 0°76 14-16 35° Normal 


1 

II 184 „ 54 830-96 55°96 42°66 0-77 14-20 34% 

II 8.18 „ 80 140160 62°77 46°87 0-75 19-28 84° Lung compressed 23’ 
IV 


5.12 „ 22 26733 725 5290 O73 48-57 384° „ 1 

These two normal periods correspond very closely, so one may con- 
sider them a very fair normal standard for comparison wish those after 
compression of the right lung. 

At 2.50 p.m. into the bag in the right pleural space 350 cubic 
centimetres of warm water was injected. This caused the animal to 
have some dyspnoea, the rate of breathing being accelerated to thirty- 
aq one per minute, but by 3.10 p.m. the animal was breathing fairly 
regularly. 

On comparing this last pei with the three periods in which the 
animal was breathing very much slower, we see that the increased rate 
of breathing has caused a marked increase in the quantity of air breathed, 
and only a slight increase in the amount of oxygen consumed and 
carbonic acid eliminated, and the respiratory quotient remained the 
same as before. 

When we compare these two periods during which time the right 
lung was compressed, with the two normal periods when the lung was 
not compressed, we find that the pressure of the lung had certainly 
caused in this dog an increase in the amount of air breathed per 
minute, and this increase in the amount of air breathed was accompanied 
by an increase in the amount of oxygen consumed, and also a marked 
| increase in the amount of carbonic acid eliminated per minute, the 
respiratory quotient, however, remained unaltered. 
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RESPIRATORY EXCHANGE. 


We may therefore conclude that compression of the right lung 
undoubtedly causes in most cases an increased amount of air breathed, 
together with an increase in the amòunt of oxygen consumed and 
carbonic acid eliminated ; the respiratory quotient remaining practically 
the same. At the same time in these three experiments on the right 
lung it would appear that compression of the right lung did not lead to 
so marked a change as a similar compression of the left side. 


CoNCLUSIONS. 


The foregoing experiments seem to show that when one pleural 
space is filled up so that the lung on one side is compressed and only 
the opposite lung remains active, this is followed in the majority of 
cases with a marked increase in the rate of breathing. There is at the 
same time more air breathed per minute by the active lung than 
was previously breathed by the two lungs together. This increase 
in the quantity of air breathed is accompanied by an increase in the 
quantity of oxygen absorbed and of carbonic acid eliminated by the 
animal, the two being increased pari passu, so that the respiratory 
quotient, as a rule, is not altered. 

The cause of the increase in the quantity of oxygen absorbed and of 
carbonic acid eliminated is not to be explained by the increased rate of 
respiration alone, since in some of the experiments (Exp. 85), there is 
no increase in the rate of breathing, as well as which in those cases in 
which there is the marked increase in the rate of breathing this is not 
accompanied by the greatest increase in the gas exchange from the 
lungs (Exp. 92). The possibility of this increase in gas exchange being 
due to increase in the temperature was also investigated and it is seen 
that any change in temperature cannot be considered satisfactory in 
explaining the increased gaseous exchange since in the majority of 
experiments the temperature remained constant, and only in one case 
throughout the twelve hours of observation, did it rise two degrees. 

We next come to the question of the possibility that by displace- 
ment of the heart there should consequently be some alterations produced 
in the circulation which caused an increase in the gas exchange from 
the lungs. This, however, is absolutely negatived by the fact that after 
the lungs have been compressed, if the fluid is removed from the pleural 
space so as to allow the heart to recover its position, the increase in the 
amount of oxygen absorbed and of carbonic acid eliminated per minute 
still continues if the lungs have been compressed for any length of time 
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(Exp. 81). When the lung, however, was not compressed too long there 


was a tendency for the amount of gaseous exchange from the lungs to 
return towards, or even be similar to that seen in the normal standard 
(Exp. 85). The explanation of this would appear as if long compression 
of the lung so altered the circulation through the alveoli that they are 
unable to recover from the effect of their compression in the time that 
was observed. If, however, the pressure has been sufficiently short the 
alveoli recover and the gaseous exchange from the lungs returns to the 
normal. 

The explanation, then, of why there should be an increase in the 
oxygen absorbed and carbonic acid eliminated when one lung alone is 
active is extremely difficult; so far we can only say that it is not due 
to alterations in the circulation. The only explanation which appears 
to be satisfactory is that we accept the theory of Bohr, who considers 


that carbonic acid is a secretion from the lining cells of the alveoli, and 


that carbonic acid acts as a stimulant to its own secretion. In that case 
when one lung is compressed the other lung would have to eliminate 
from the organism twice as much carbonic acid as it originally did. 
In consequence of this the quantity of carbonic acid in the alveoli at 
any given time would be double, and this increase in the quantity of 
carbonic acid present in the alveoli acting as a stimulant to the secret- 
ing cells in the alveoli would cause an increased out-put of carbonic 
acid. 

If this is correct it naturally follows that in consequence of the 
greater elimination of carbonic acid from the organism, it is necessary 
for the animal to consume more oxygen for this purpose. 

Whether or not this is the right explanation it is difficult to say, 
and the experiments so far certainly are unable to prove either one 
way or the other; the research, however, is now being taken up in 
another direction in order to try to arrive at some explanation of why 
there should be an increased consumption of oxygen and elimination of 
carbonic acid when one lung is alone active. 

In the foregoing experiments it is shown that it does. not matter 
which lung is the one which is compressed, although it would appear 
as if compression of the right lung has less effect than a similar com- 
pression of the left lung. 


Towards the expenses of this research a Grant was received from. the 
Government Grant Committee of the Royal Society. | 
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ON PERIODIC VARIATIONS IN THE CONTRACTIONS 
OF THE MAMMALIAN HEART. By ARTHUR R. 
CUSHNY. (Nine Figures in Text.) 


(From the Laboratory of Pharmacology in the University of Michigan.) 


In the course of an investigation of the action of poisons of the 
digitalis series on the mammalian heart“, I was struck by the frequent 
appearance of periodic variations in the strength and form of the 
contractions during the irregular stage. The earlier manifestations of 
this periodic change are especially remarkable from their symmetry 
and from their repetition for some time in almost identical form. The 
phenomenon had been observed before by Knoll“ in the rabbit's heart 
in helleborein poisoning, and was regarded by him as an indication of 
fatigue and exhaustion of the heart. 

I have since met with very similar periodic changes in the heart 
from the action of caffeine, cocaine, hydrastinine, and barium chloride, 
and have succeeded in eliciting them in a certain number of instances 
by electrical stimulation of the ventricle. In my earlier work on the 
subject I ascribed the variations to an interference of the rhythms of 
the auricle and ventricle, but further experience has now enabled me 
to formulate a more definite explanation, and that one of some 
physiological interest. 

These periodic variations may be observed in the exposed heart 
without the use of any recording apparatus, and were in fact first 
detected by Knoll in this way. But the details can be studied only 
by means of the graphic method, and I have employed for this purpose 
a modification of the Roy-Adami myocardiograph, which has been 
described already*. Knoll used a somewhat similar method, the 


1 An abstract of this paper was read at the Toronto meeting of the British Association, 
1897. 


2 Journ. of Exper. Medicine, u. p. 233. 1897. 


3 Sitzungsber, d. k. Akad. d. Wissensch. in Wien, Mathnatur. Cl. xorx. Abth. m. 1890, 
and crt. Abth. mr. 1894. 


* Cushny and Matthews. This Journal, XXI. p. 218. 1897. 
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50 A. R. CUSHNY. 
movements of the chambers being recorded by threads attached to 


them and moving levers. His method possesses the advantage of 
permitting the simultaneous registration of the movements of all four 
cardiac divisions, but is not so exact as mine, which can be conveniently — 


applied to only two chambers. It is somewhat remarkable that 
Frangois-Franck'! and others who have recorded the intracardiac 
pressure under digitalis, have not observed these variations, and this 
suggested to me that the methods employed by Knoll and myself 
might be a factor in their production, Very similar periods are met 


with, however, in tracings of the cat’s heart taken by means of the 


Roy-Adami cardiometer, so that this explanation may be excluded. 
The periodic variations often resemble those induced by the respiratory 
movements, and it is possible that other observers may have considered 
them due to this factor and have thus ignored their appearance. 

The animals used in my myocardiographic experiments were in- 
variably dogs, which were anesthetized with morphine and chloroform- 
acetone, and in some instances were further immobilised by curari. 
As a general rule the myocardiographs were attached to the right 
auricle and ventricle, which are more easily accessible than the left, 
but the periods have also been repeatedly observed in the left heart. 
In the accompanying ‘tracings the upper is that of the right ventricle, 
the lower that of the right auricle. The downstroke is made in systole, 
the upstroke in diastole throughout. 

The phenomenon is not by any means invariably present in digitalis 
poisoning, but can generally be elicited if the drug is injected in 
successive small doses. It comparatively seldom occurs when the 
ventricle is stimulated electrically, for I have met with it in less than 
10 per cent. of the hearts thus treated. In these experiments it was 
desirable to know exactly when the effective electric shock reached 
the ventricle, and this of course is impossible when the ordinary rapid 
induction shock is used. The writing lever was therefore arranged so 
that during its ascent (i.e. during the ventricular diastole) it raised a 


I take this opportunity of expressing my regret that in my previous paper on digitalis 
I omitted to consider the important work of Francois-Franck on the same subject 
(Potain, Clinique Medicale de la Charité, p. 549, 1894). My attention was drawn to it 
however only after my paper had appeared. I was gratified to find that our results 
coincided in so many points, the chief divergence in our views being due to his ascribing 
to accelerans stimulation features which I attributed to direct action on the cardiac 
muscle. In his later work (Comptes rendus d. I. Soc. de Biol. 1897, p. 111) he seems to 
lean towards the view that the second factor plays a more important röle in digitalis 
action than he had at first supposed. 
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second lever and thus interrupted the circuit of a primary coil, while 
the secondary coil was connected to the hooks attached to the ventricle. 
The height which the writing lever attained before breaking the 
circuit could be varied by raising or lowering the second lever, so that 
a breaking induction shock could be thrown into the heart at any 
desired point of the ventricular diastole. During the systole the 
descent of the writing lever allowed the circuit to be restored and a 
make induction shock therefore passed through the heart, but this 
occurred during the refractory period and had no effect. In this way 
a perfectly regular ventricular rhythm could be induced, and the rate 

could be altered to any desired extent by lowering the point at which 


the circuit was broken, and thus stimulating the ventricle earlier in the 
course of diastole, | : 


Fig. 1. Digitalis poisoning. At a, ath, 4e 55 at 4, 

When these periods occur in the course of poisoning (Figs. 1, 2, 4), 
they make their appearance in the beginning of the irregular stage. 
The excursions of the levers, which have hitherto been equal in size, 
undergo a rapid diminution in extent towards diastole, until they may 
be less than one-half the size of those preceding them. This descending 
_ staircase is soon followed by an ascending one, which continues until 
the movements of the lever are often much larger than those of the . 


1 Vr, Ve, FF diastole ; A4, 4 Ad auricular 
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Fig. 2. Oleandrin poisoning. 4; 18 


Fig. 4. Barium Chloride poisoning. 
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preceding stage. The descending staircase follows again, and this 
alternate increase and decrease of the excursions may. be repeated for 
a considerable time. As a general rule, the line of systoles shows the 
same periodic undulations, but this is often less marked (Figs. 1 and 2), 
and in some cases the heart contracts almost to the same extent 
throughout the period, while it exhibits marked deviations in dilatation ; 
in others the reverse is the case, the systoles undergoing much more 
marked variations than the diastoles, particularly in the auricle. As 


far as I have seen in experiments in which the two ventricles were 


attached to recording levers, the periods were the same in each, 
although the right ventricle seemed to present larger variations than 
the left; when the movements of the auricle and ventricle of one side 
were recorded, the periods were of equal duration in each chamber. 
Thus the whole heart seems to present this periodic variation at the 
same time, although the degree of the variations differs in the different 
chambers, and this is in accord with Knoll’s tracings of the movements 
of all four chambers (see Figs. 5 and 6, Tafel IV., Knoll, I. c. 1894). 


Fig. 5. Ventricular stimulation. The ervsses on the ventricular tracing indicate the 


point at which the 4s commenced, = 

In the few instances in which electrical stimulation of the ventricle 
caused this periodic variation, it generally set in as soon as the 
stimulation commenced and ceased when it was withdrawn. The 
periods presented the same appearance as those induced by the poisons, 
a group of fairly complete diastoles alternating with one of less complete 
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relaxations, and the strength of the systoles presenting similar varia- 
tions. (Figs. 3, 5, 6, 79 


Figs. 6, 7. Ventricular stimulation of the same heart as in Fig. 5. In Fig. 6 the 
stimuli were passed into the heart very soon after the diastole commenced, in Fig. 7 


somewhat later, but in neither of these so late as in Fig. 5. In Fig. 6.223. In Fig. 7, 


1 


The first explanation for the periods, that the heart is raised and 
lowered in the chest by the respiratory movements, is easily excluded, 
for the variations remain unchanged when the artificial respiration is 
discontinued in fully curarised dogs. The division of the vagi or the 
paralysis of the terminations of the inhibitory nerves by atropine has 
no effect on them, and although I have not excluded the activity of the 
accelerans fibres, there is no reason to suppose that they have any such 
action. In fact the early appearance of these periods, which are not 
induced by accelerans stimulation, seems a strong argument against 
Francois-Franck’s theory that the action of digitalis is due in part 
to accelerans stimulation. The periods present a certain superficial 
resemblance to those observed by Fano’ in the auricle of Emys 
Europea, but closer examination shows that they are entirely different, 
for they consist in variations not of the tonicity of the heart, but of the 
extent of contraction and relaxation. Any doubt on the subject is 
removed by the statement of Fano and Sciolla* that atropine prevents 


1 Beitriige zur Physiologie Carl Ludwig zu seinem siebsigsten Geburtstage gewidmet 
1887, p. 287. 
Arch. Ital. de Biol, 1x. p. 61. 1888. 
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the oscillations of the auricle, for, as has been stated, it has no effect on 
the periods in question here. 

During the periods the rhythm of any one chamber remains regular, 
the interval between the largest contractions being exactly equal to 
that between the smaller ones; but the rhythms of the chambers 
differ. The two ventricles beat together and also the two auricles, as 
far as I have seen in my own experiments and can judge from Knoll’s 
tracings, but the auricles have a different rhythm from the ventricles, 
and these two rhythms have a very definite relation to the periods. 
When the two chambers differ in rhythm, but each is perfectly regular, 
the one must eventually overtake the other, or in sporting parlance 
“lap” it. Thus when one is beating six times to the other's seven, 
the latter will have gained one complete contraction at the end of its 
seventh beat, and the following contraction of the two chambers will 
bear the same mutual relation in time as the first, For example, if 
the auricle beat seven times to the ventricle’s six, and an auricular 
_ systole be selected which occurs in its normal relation to the ventricular 
cyele, de. in the diastole of the ventricle, the next auricular systole wil! 
fall somewhat earlier in the second ventricular cycle, the third still 
earlier, and so on until the eighth auricular beat is reached, when it 
will be found to bear the same relation to the seventh ventricular as 
the first auricular did to the first ventricular. In this case the form of 
the seventh ventricular contraction corresponds exactly to that of the 
first, and that of the eighth auricular to that of the first, while the 
intermediate contractions differ in the extent of systole and diastole. 
The period for this particular heart would last during seven beats of 
the auricle or six of the ventricle. In short, the period is measured by 
the interval elapsing between the occurrence of two cardiac cycles in 
which the auricular systole bears the same relation to the ventricular 
beat. I have never met those periods except when there was auriculo- 
ventricular arhythmia, nor have I seen this particular form of arhythmia 
without some indications of periodic variation. The relation between 
the duration of the periods and the extent of the arhythmia is very 
clearly seen when the latter varies as in Fig. 1. Here at first 
Vr :Ar::7:8, and the periods extend over seven beats of the 
ventricle or eight of the auricle. Later they became longer, as the 
proportion between Vr and Ar changes, until at the end of the 
figure they extend over 11 auricular and 10 ventricular contractions - 
(Vr: Ar :: 10: 11) 

In the course of digitalis poisoning the periods are generally longer 
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at first, as many as thirty contractions occurring in each, but later they 
often became very short, including only three or four beats. When 


periods arise from electrical stimulation they are generally shorter, 


containing only 10—-12 contractions or fewer. In one instance in which 
the arhythmia continued for a short time after the stimulation ceased 


the periods also remained until the heart resumed its ordinary rhythm. 


In poisoning and also in electrical stimulation, the periods occur 


only when an idioventricular rhythm is generated and the auricle 


beats in another tempo. In the great majority of experiments in 
which electrical stimulation was employed, the ventricular rhythm was 
taken up by the auricle, and no periods were observed. In two 
instances, periods were elicited at first by stimulation of the ventricle, 
and the chambers beat in different rhythms, but after a time the 
auricle took up the artificial ventricular rhythm and the periods 
disappeared at once. In prolonged digitalis intoxication the periods 
also disappeared sometimes, as the auriculo-ventricular arhythmia 
passed off. The periods occur whether the auricle beats more rapidly 
or more slowly than the ventricle, the one essential feature being that 
they do not beat in unison. (Compare Figs. 1 and 3.) This arhythmia 
of the auricle and ventricle is obviously due to some abnormality of 
the communicating fibres, that is, to some form of block. This may be 
due in some cases to inhibitory action, but not in all, for in several 


experiments atropine had no effect on the phenomenon. The block 


which prevents the transmission of ventricular contractions to the 
auricle is present in a small percentage of normal animals, but seems 
to be induced in a much larger number by certain poisons. In 
unpoisoned animals, when it exists at all, it is one-sided only, the fibres 
transmitting contractions from the auricle to the ventricle, but not in 
the reverse direction, for as soon as the electrical stimulation ceases, 
the ventricle takes on the ordinary rhythm derived from the auricle. 


After some poisons, however, the transmission of impulses from the 


auricle seems to be retarded, for the latter beats faster than the 
ventricle, but none of its contractions reach the latter. 

There is evidently some relation between the arhythmia and periodic 
variations, and the next point to be determined was what is the nature 
of this relation. It might be conceived that the contractions of the 
one chamber exercised an inhibitory effect upon that of the other, and 
this has been suggested as an explanation of analogous variations in 
other organs; in this case, however, it is unnecessary to resort to such 
a vague statement. 
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I supposed at first that some of the contractions of the ventricle 
arose from the auricle, while others were of idioventricular origin, but 
this would involve a continual variation in the interval spent in 
passing the block, and also fails to explain the variations in the auricle. 
In one experiment I crushed the heart along the auriculo-ventricular 
groove in a very narrow screw clamp without preventing the re- 
appearance of the periods when the clamp was withdrawn. A simpler 
explanation, which accords with all the facts, bases the periodicity on 
physical rather than on physiological effects—the chambers vary in 
their contractions because of the varying resistance to the outflow of 
blood from the auricle, and of the varying supply of blood to the 
ventricle. If the position of the As be marked on the ventricular 
tracing throughout a period (Fig. 5), it is found that it varies in each 
individual cycle of the ventricle, and that the largest Vd occurs when 
the As falls during the early part of the Vd, that is, in its normal 
position. The further the As occurs from this typical position, the 
less extensive is the ventricular relaxation. The As is also strongest 
when it occupies its normal position in the ventricular cycle, becomes 
somewhat weaker when it takes place in the diastolic pause of the 
ventricle, and still more so when it coincides with the Vs, but reaches 
its minimum when it occurs during the period in which the ventricle 
remains in full contraction. There is a tendency for the phases to 
overlap in the auricle however; thus after several As have occurred in 
the Vs, if the next falls in the Vd it does not attain at once its most 
complete contraction, but goes on increasing in strength during several 
contractions. 

These changes may be readily explained by the varying resistance 
to the blood-current from the auricle to the ventricle. In the normal 
heart, the As occurring during the Vd, the blood flows from the con- 
tracting chamber to one in which the pressure is negative or zero. 
The As is thus not opposed by the pressure rising in the interior, and 
at the same time enough blood enters the ventricle to prevent any 
marked negative pressure in its interior, and even to change it to a 
positive pressure. When, however, the auricle beats somewhat earlier 
relatively to the ventricular cycle, eg. during the stage of complete 
ventricular contraction, the wave of blood set in movement by the As 
fails to enter the contracted ventricle. The pressure in the auricle 
therefore rises and eventually stops its further contraction, and the As 
is consequently less complete than usual. The succeeding Vd occurs 
at the usual interval, but the relaxation of the walls is not aided by 
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the inflow of blood from the auricle as usual, for the Ad is occurring at 
the same time. A certain amount of energy is thus used by the 
ventricular wall in overcoming the low pressure, and the Vd is less 
complete than it would otherwise be. In the same way, if the As 
occurs during the active Vs, the blood flow is impeded, the pressure 
rises in the auricle and limits its systole, while the following dilation 
of the ventricle is imperfect. This explanation would seem to be 
justified by a consideration of the physics of the heart, but is not 


based upon this only, for Frangois-Franck! states that the As has a 


very definite effect on the intraventricular pressure, and causes a 
distinct movement of the lever of the quiescent ventricle, while 
Chauveau and Marey showed previously that the sudden inflow of 
blood from the auricle caused a distinct shock, which could be registered 
by a recording apparatus applied to the exterior of the ventricle. The 
weakness of the systole of the auricle when it attempts to empty itself 
into the contracted ventricle, is readily demonstrated by recording the 
movements of the auricle and ventricle, and stimulating the ventricle 
with a single induction shock. The auricle contracts during the 
artificially induced Vs, and the As is much weaker than the ordinary 
ones although it occurs at exactly the normal interval. We were 
unable in a previous paper“ to suggest any explanation for this weak 
systole of the auricle, but it is obviously due to this chamber being 
unable to empty itself, and to its internal pressure increasing until it 
stops any further contraction. This effect is still more evident when 
the ventricular stimulation is repeated, and several successive As 
coincide with the successive Vs, for the As becomes markedly weaker, 
while the pressure in the vena cava is shown by a manometer to be 
more than double the normal. When several successive auricular 
contractions have been aborted in this way in a period, they do not 
recover at once when the outflow is unhindered, apparently requiring 
several contractions to relieve themselves of their contents, and the 
maximal Ag therefore often occurs one or two beats later than the 
maximal Vd, 

As regards the Vs in the periods, some variations occur in different 
hearts. Very often the maximal follows the large Vd and As, but in 
other instances the maximal Vs corresponds to the minimal Vd. The 
latter admits of the more obvious explanation, namely, that when the 
Vd is greatest, the ventricle contains most blood and there is ac- 


Archives de Physiologie [5] n. p. 395. 1890. 
? Cushny and Matthews. loc. cit. 
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cordingly more resistance to the complete systole. Conversely, when 
the Vd is imperfect, there is little blood to be expelled and the Vs is 
very complete. When the blood supply to the ventricle is limited in 
any other way, for example by constricting the vene cuve, the Ve at 
once becomes more complete than before. On the other hand, the 
weakness of the Vs in some instances, where the As does not correspond 
to the Vd, and where little blood therefore reaches the ventricle, cannot 
be explained in this way. It seems probable that in this case the 
blood is poured into the ventricle during the Vs by the contracting 
auricle and that the two chambers oppose each other's systole, the 
auricle failing to empty itself against the half-contracted ventricle, but 
forcing enough blood into the latter to limit its contraction. 

The variations in the auricular diastole may be explained in the 
same way. When the evacuation of its contents is hindered, the blood 
- accumulating in the chamber and in the veins distends it, while when 
the exit is unopposed, the intra-auricular tension falls and the dilatation 
is smaller. The distension of the auricle can be observed directly in 
every case, although the myocardiograph sometimes fails to register it, 
or may even seem to indicate a smaller diastole than at other points of 
the period. This is due to the imperfections of the apparatus, however, 
for the bulging of the auricle may be so great as to lessen the actual 
length from the appendix to the base, and the diastole therefore seems 
to be imperfect in the tracing, although it is much exaggerated in 
another diameter. 


In Fig. 5 the commencement of each As is indicated in the ventricular 
contraction by a cross during a complete period, the crosses being numbered 
to correspond with the auricular systoles. It will be noted that the 
largest Vds are those in which the cross lies on the line of Vd, and that the 
As are also strongest here (5, 6, 7, 8), while the Vd is very imperfect in 1, 2, 
3 and 4, in which the As occurs during Vs. The As is weakest in 2 and then 
becomes stronger in 3 and 4, perhaps because in 1 and 2 the contraction of 
the auricle is simultaneous with the Vs, while in 3 and 4 although it begins 
during the Vs, it overlaps into the Vd. The extent of the Vs is less affected 
than that of the As; it is smallest in 2, 3 and 4 in which the As is simul- 
taneous with it, the two chambers apparently opposing each other’s contractions. 
On the other hand it is stronger when the As falls nearer its normal position, 
i.e, where the ventricle is not exposed to a sudden influx of blood in the 
midst of its systole. The Vs is scarcely so powerful after 5 and 6 as after 4 
and 7, because the chamber is more distended with blood in the former. 
The degree of distension of the auricle in diastole is not represented in the 
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tracing by the distance from the base-line, for it could be seen to be more 
gorged with blood before . 4, 5 than before 6, 7, 8, 9. 


In cardiometric tracings these variations may also be 1 but 
it is impossible to determine whether there is arhythmia of the auricle 
and ventricle. The amount of blood expelled during the small 
contractions is often very much less than that during the larger 
excursions of the period. The blood-pressure tracing also indicates a 
variation in the efficiency of the heart contractions, for large waves 
succeed each other, resembling somewhat the Traube-Hering waves. 
These periodic variations occur early in the irregular stage produced 
by the poisons, because the very slight auriculo-ventricular arhythmia 
occurs here. Later, other factors come into play and much more 
complex irregularity results. In the normal heart, the auricular 
rhythm suffices to exhaust the ventricular irritability, but when the 
latter is abnormally augmented, as by these poisons, the impulses from 
the auricle are insufficient to exhaust it and a premature Vs occurs. 
This idioventricular contraction naturally falls at the point in the cycle 
at which the irritability is greatest, i.e. immediately before the normal 
contraction would have taken place. The impulse coming from the 
auricle therefore reaches the ventricle during the Vs or refractory phase. 
The increased ventricular irritability again leads to a premature Vs 
which is still earlier in regard to the As, and so a series is formed 
in which the As gradually comes later and later in the V cycle, until it 
again reaches its normal position and a new period commences, The first 
symptom of an idioventricular rhythm is thus the appearance of these 
variations, which occur when the ventricular irritability is just sufficient 
to set up an idioventricular rhythm different from that of the rest of 
the heart. In other instances the auricle beats faster than the ventricle, 
and the process must be regarded as commencing in the communicating 
fibres between the auricle and ventricle, which fail to conduct the 
accelerated impulses. The increased rhythm of the auricle is of course 
due to a stimulation of the rhythm-giving part of the heart, but is not 
confined to it, for the ventricle also contracts much more rapidly than 
it would if it developed a spontaneous rhythm of the same tempo as 
when the auricle is severed from the unpoisoned heart. These poisons 
would thus seem to increase the activity of both auricle and ventricle, 
but not that of the auriculo-veutricular communicating apparatus.. As 
I have mentioned, some defect in this mechanism is met with in a 
smal! proportion of unpoisoned hearts, and leads to an independent 
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ventricular rhythm and periodic variations being developed when the 
ventricle is stimulated by electric shocks. 

Not infrequently the arhythmia is somewhat different from that 
described, in which Vr=Ar+1. Both in poisoning and in elec- 
trical stimulation, Vr may=Ar+2. In this case no such perfect 
undulations in the lines of systole and diastole are observed, but a 
certain periodicity may be made out. Thus if Vr: Ar:: 9:7, every 
ninth beat of the ventricle is identical and every seventh of the auricle. 
But in every period there is a secondary undulation about the middle. 
Thus commencing with the largest As, the second and third are small, 
the fourth is larger, the fifth and sixth again smaller, and with the 
eighth the period begins again. The increase about the fourth con- 
traction is due to the As approximating its optimal position in the 
ventricular cycle, but failing to attain it so completely as in the first 
and eighth systoles. If the relative position in time of the As and Vs 
be represented by lines (Fig. 8), of which the upper indicates the 
duration of the ventricular, the lower of the auricular contractions, the 
first and the eighth auricular systoles are seen to bear the same relation 
to the following Vs. The fourth As resembles these closely but is not 
quite identical. | 


V 
! 2 3 + 5 6 7 8 
Fig. 8. 


When still further divergence occurs, as when Vr= Ar + 8, it is 
very difficult to detect any periodicity in the variations, although the 
point at which the As reaches the optimal position in the ventricular 
cycle continues to be marked by a very strong systole. 

Many other forms of more or less periodic variations occur in the heart 
poisoned with digitalis or stimulated electrically. In one of these the 
auricle passes into delirium cordis periodically, and it would seem that 
this is connected in some way with the arhythmia, although I am 
unable to suggest the nature of the relation. In others the auriculo- 
ventricular arhythmia is complicated by ventricular irregularity. 

In some hearts under electrical stimulation of the ventricle, periods 
were developed in the earlier part of the experiment, but disappeared 
later as the block was overcome and the auricle took up the artificial 
ventricular rhythm. In one instance (Fig. 9) a curious form of periodic 
variation occurred during the transition. The block allowed four 
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ventricular impulses to reach the auricle, but then became exhausted 
apparently, for no auricular contraction followed the fifth Vs. The 


Fig. 9. Ventricular stimulation. The ventricular contraction is propagated to the 
auricle generally, but fails to reach it every fifth beat, and no auricular contraction 
results. 


strong auricular systole after the pause appears to be due to the in- 
creased energy accumulated during its long quiescence, for this systole 
occupies the same relation to the Ves as the others. 7 

From the study of the periodic variations first described, it would 
appear that the exact relation in time between the contractions of the 
auricle and ventricle has a considerable influence on the efficiency of 
the heart. In the normal condition this relation is generally the best 
possible, the auricle commencing to contract as the ventricle begins 
to relax. In some instances, however, the contraction of the ventricle 
is too slow and too prolonged, so that the auricular systole begins too 
early to allow of the full effect of the work of the heart being obtained, 
while in others the ventricle almost completes its diastole before the 


auricular systole begins. 
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AUTO-INTOXICATION AS THE CAUSE OF PANCRE- 
ATIC DIABETES. (Preliminary Communication.) By 
IVOR LI. TUCKETT, M.A. Fellow of Trinity College, 
Cambridge. 

From the Pharmacological Laboratory, Cambridge.) 

THIs paper is only intended to be a preliminary communication, 

because, though I have now done some fifty experiments which 

seem to establish my main point, there are still a number of minor 
points which require confirming more certainly. Therefore I with- 

hold most of the details of my work, hoping to publish them in a 

complete communication before very long. : 

The literature of the subject is very extensive, but I will only 
point out that glycosuria has been described in association with a 
very large number of conditions. Thus Naunyn, in his book on 
diabetes mellitus published last year, describes glycosuria under 
about twenty main headings, which include nearly as many sub- 
headings. Since the publication of Naunyn’s work, Bied]® has 
also described another curious condition attended by glycosuria, 
namely, that produced either by ligaturing the left thoracic duct 
in dogs or by forming a fistula of the same. 

The principal factors concerned in glycosuria are the parts 
played by the kidneys which excrete the sugar, by the liver which 
can form sugar under nervous or other influences, and by other 
organs. As is well known, the kidneys will normally excrete sugar 
as soon as the sugar in the blood attains a certain percentage 
above the normal. The liver—from the work of Morat and Dufour“ 
and also of Kaufmann“ and others—turns glycogen into sugar under 
nervous influences, and Claude Bernard’s discovery of the effect of 
“the diabetic puncture” is of the same nature, for Seelig“ and 
Luchsinger® have shown that it is not attended by glycosuria if 
the liver contains no glycogen. Among other organs which play a 
part in some cases of glycosuria, the pancreas must be considered 
the most important, since v. Mering’s and Minkowski's “% discovery 
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that its excision is followed by severe glycosuria and that it has 
some “internal” function. This internal function has been variously 
supposed to consist either in its secreting into the blood something— 
such as a glycolytic enzyme, suggested by Lépine™—essential to the 
consumption of sugar in the body or in its antagonising some substance 
in the body which caused glycosuria. : 

The latter view has been supported chiefly by Gaglio’s® experi- 
ments, in which he found that excision of the pancreas was not 
followed by glycosuria if the thoracic duct was ligatured, and that 
ligature of the thoracic duct. stopped the glycosuria following 
excision of the pancreas, thus proving negatively, if true, that some- 
thing enters the circulation by the thoracic lymph which normally 
is destroyed through the agency of the pancreas and which in the 
absence of the pancreas causes glycosuria. The truth of this sugges- 
tion I will not discuss here, but Lépine™ and Biedl maintain 
that ligature of the thoracic duct, so far from stopping, increases if 
anything the glycosuria caused by excision of the pancreas. 

As the result of his experiments on glycosuria connected with a 
fistula or ligature of the thoracic duct, Biedl also makes the 
following three statements : 

(1) That his experiments have taken away the ground for that 
hypothesis of pancreatic diabetes which regards the accumulation of 
a sugar-forming substance entering into the blood through the 
lymph stream as the cause of the excretion of sugar. 

(2) That the thoracic lymph, which constantly flows into the 
blood through the thoracic duct appears much more to contain a 
substance which directly or indirectly influences the consumption of 
sugar in the organism. 

(3) That a pre-existing glycosuria can be lessened by the injection 
of thoracic lymph. 

It has occurred to me that Biedl's results can be harmonised 
with Gaglio’s, and that glycosuria following interference with the 
thoracic duct can be shown to be but a mild form of pancreatic 
diabetes by making the supposition that the pancreas has an 
internal secretion (m3) which enters the circulation con- 
stantly, vid the thoracic lymph: and also that a toxic 
substance (r)’ capable of causing glycosuria if not neutral- 

I use the letters v and 7 purely as abbreviations for internal secretion of the pancreas, 


and toxic substance absorbed from the intestine respectively; and in no way as indicating 
that I am dealing with known definite bodies. 
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ised by * is absorbed from the intestine during digestion, 
vid the lymph stream. It must be also assumed that the 
thoracic lymph contains a large quantity of 7 during digestion but 
none at other times, whereas only a small quantity of * is ever 
present in the thoracic lymph, but the blood always contains a 
relatively large quantity, as m is continuously es in the 
blood. 

The object of this preliminary communication is to show that 
the above supposition is probably a statement of what really takes 
place. 

I find that, if the thoracic lymph from a fasting dog is injected 
into the portal circulation of a cat, no hyperglycemia or glycosuria 
results: but that, if lymph from a digesting dog is injected into the 
portal circulation, giving the hypothetical + an opportunity of acting 
on the liver before the dose injected has been diluted by all the blood 
in the body, a hyperglycemia of a degree varying from 3% to 
9% is produced, and a glycosuria of a degree varying from 1°/, to 

9*/,. | 
I have also obtained hyperglycemia and glycosuria by injecting 
lymph from a digesting dog into the systemic circulation of a cat, 
but in this case the dose of r+ injected is diluted by all the blood 
of the body, and stands a better chance than in tke previous case 
of being neutralised by , before it acts on the liver, so that in 
experiments of this kind I have never produced glycosuria of a 
degree above 3°75 %. 

I also find that injecting the thoracic lymph from a digesting cat 
into its own splenic vein is followed by glycosuria of a degree over 2%: 
due in my opinion to the effect of a large dose of + acting on the liver 

at one time, before it has had time to be neutralised by w. 
| Lastly, I have found that the mere injection of a few bubbles of air 
into the splenic vein is followed by glycosuria of a degree between 
3% and 4% : and that the air accumulates chiefly in the splenic 
and superior pancreatico-duodenal veins. My explanation of this 
glycosuria is that the venous return through the pancreas is im- 
peded; whereby the secretion of 1 is checked, so that glycosuria — 
occurs as the result of the entrance of v into the blood after the 
secretion of 1 has diminished. The glycosuria is thus really of the 
same nature as that obtained by Gley™ after merely ligaturing the 
veins of the pancreas, or as that which follows excision of the pancreas. 
In this connection I should state that I obtained the highest degree of 

PH, xxv. 5 
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glycosuria—from 6% to 9% —in the first three experiments in which 
I injected lymph from a digesting dog into the portal system of a cat: 
and that I have never obtained such a high degree since, when I have 
taken special care not to inject the smallest bubble of air along with 
the lymph. I therefore attribute the high degree of glycosuria in these 
early experiments to a combination of the injection of + into the portal 
system, with the crippling of the pancreas caused by the injection of 


one or two bubbles of air. 


The most important minor point about which I am not yet 
sufficiently certain is at what stage of digestion is the lymph most 
toxic. As far as my experiments indicate at present, the lymph 


begins to be toxic between the third and fourth hour after the dog has 


eaten a meat meal. From the sixth to the eighth hour it seems to be 
most toxic, and by the fifteenth hour it has ceased to be toxic. 

The obvious difficulty in settling this point is that the rate of 
digestion may vary in individual dogs: but the toxicity of the lymph 
seems most certainly to depend on early digestion, as I have always i 
found some meat in the stomach when the lymph was toxic, and in 
cases where the injection of morphia preliminary to anesthesia with 
A. C. E. caused vomiting of the gastric contents, the lymph has oy 
had little or no toxicity. 

This is all I propose to say here about my experiments; but they 
and the supposition they seem to support, find a certain amount of 
confirmation in the literature of the subject; for Weintraud™ has 
shown that birds of prey, as opposed to other birds, alone get 
glycosuria after excision of the pancreas: and, again, I know of no 
case where glycosuria: has been definitely proved to follow excision 
of the pancreas in rabbits d or any other non-carnivorous animal. 
Lastly, Thiroloix™ showed that in dogs which had been starved a 
week, glycosuria did not follow excision of the pancreas; but on 
giving them an exclusively meat diet again, glycosuria ensued. 

It may be asked, how is it that 1, if it exists, causes glycosuria ? 
My view is that it has a poisonous action on the liver cells, stimulating 
them to form sugar: for I find that injection of lymph into the portal 
circulation is followed by a higher degree of glycosuria than after 
injection of lymph into the systemic circulation. This view. is 
supported by the experiments of Montuori™, who proved that 
excision of the pancreas is not followed by glycosuria if the ene 
and portal vessels are ligatured. 

Wich regard to the juga of abeorption of r, I am inclined to 
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think that it enters not only the lymph stream but also the portal 
circulation : for de Dominicis™ has shown that the injection of portal 
blood from a normal dog digesting meat into another dog rendered 
diabetic by excision of the pancreas, doubles the sugar in the urine. 
This might have another explanation, of course: te. that carbo- 
hydrate material (or its forerunners) was present in the portal 
blood. However, if we suppose that part of + goes into the portal 
circulation, it explains at once how interference with the thoracic 
duct in Biedl’s experiment is followed by glycosuria. For internal 
secretions—to argue from the case of the thyroid—probably go into 
the lymph stream: therefore after the ligature or establishment of 
a fistula of the thoracic duct, that part of 1 which enters the portal 
circulation will act on the liver unopposed by 7. 

In the paper in which I hope to fill in the details of this 
research, I shall also hope to bring forward some experiments 
proving the presence of r in thoracic lymph, and so incidentally 
indicating where the cure of pancreatic diabetes is to be looked for; 
but as a proof of w in the thoracic lymph, further experiments are 
hardly essential, as Lépine™ has published experiments in which 
the injection of thoracic lymph decreased the glycosuria caused by 
excision of the pancreas: and Biedl showed that injection of thoracic 
lymph lessened a glycosuria caused by ligature of the thoracic duct ; 
though these two observers appear to have been quite unaware of the 
significance of their experiments. 

In conclusion, though I cannot give the credit to Lépine of 
explaining his experiments correctly, it is quite clear from reading his 
numerous works that he made some observations which mine only 
confirm. For he found that the injection of thoracic lymph or of 
blood from a normal dog, into a dog made diabetic by excision of the 
pancreas, sometimes succeeded in reducing the diabetes and some- 
times failed, because chyle as well as blood contains sometimes in 
great quantity ‘le ferment saccharifiant, from which results the 
possibility of the formation of a great quantity of sugar capable of 
antagonising Faction glycolytique (. In fact it is quite possible 
that his “ferment saccharifiant” and his “ferment glycolytique” are 
the same bodies as r and . However, he fails to recognise in the 
“ferment saccharifiant” the cause of diabetes, because he makes the 
further statement that in diabetic patients it appeared to him that 
the “ferment saccharifiant” was diminished™, and that in dogs 
rendered diabetic it is diminished™. . 
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Pancreatic diabetes, according to my view, thus consists in the 
normal balance between 1 7 upset. 
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THE PHYSIOLOGICAL ACTION OF THE ALKALOIDS 
DERIVED FROM ANHALONIUM LEWINII. By 
WALTER E. DIXON, M.D., B.Sc. Lond., Salters’ Company 
Research Fellow at St Thomas's oT (Eight Figures in 
Text.) 


ANHALONIUM LEWIIn, so called from its discoverer, Lewin, who in 
1888 first directed attention to it!, belongs to the small group of 
_ Melocactese, and is native to Mexico, It makes the seventh known 
variety of the Anhalonia, but besides some discussion which has oc- — 
eurred with regard to the botanical position it should occupy, it has 


attracted but little attention from investigators, probably largely on . 


account of the difficulty in obtaining specimens. The genus Anha- 
lonium is easily anes from Echinocactus and Mamillaria in 
being quite free from spines’. 

A. Lewinii is a small cactus, having roughly the shape and size 
of a radish. It is spoken of familiarly by traders in Mexico as 
„Mescal, and is occasionally confounded with another Mescal in 
Arizona, the “Agave,” from which the Apaches prepared an in- 
toxicating drink“. 

It has long been known that the Kiowa and other Mexican Indians 
ate some substance in their religious ceremonies which was stated 
to possess remarkable physiological properties“, but in proportion as 
it was held sacred by the Indians it was condemned by the early 
missionaries and its exportation was prohibited. 

The plant first attracted attention on account of its vision · producing 
properties, which all observers agree it possesses, and most of the 
literature on the subject which has already appeared consists prin- 
cipally in detailed accounts of these phenomena. 


1 Arch. f. exp. Path. and Pharm. xxv. p. 401; xxxrv. pp. 65 and 874. Therap. Gaz. 
1888, p. 235. 

2 Report Missouri Botanic Gardens, 1898, p. 127. 

® Henning. Therap. Gaz. 1888, p. 232. 

‘ Prentiss and Morgan. Op. eit. 1896, p. 7. 
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Lewin, in his original paper, besides describing the morphology 
of the plant, tried the effect of a watery extract on frogs, pigeons, and 
rabbits, and mentions convulsions comparable to those of strychnine 
as occurring in each case: he also described an alkaloid, “ anhalonnine,” 


which he regarded as the active constituent, but which in reality was 


a mixture of several alkaloids. 

Prentiss and Morgan’, after eating the “buttons,” state that 
with smaller doses the pupils became dilated, muscular depression 
and inability to sleep assert themselves, and later colour visions occur, 
but these only with closed eyes. After larger doses (4—8 buttons) 
there are fine tremors, loss of conception of time, blunting of sensation 
and sense of smell. 

Weir Mitchell? used both an extract and tincture of the buttons, 
taking three of the latter for a full dose. He describes a stage of 
exhilaration and talkativeness, in which there is dilation of pupils, 
flushing of the face, and rather rapid pulse, followed by a condition 
which he describes as one of “deliciously languid ease and elated 
sense of superiority.” Later, colour visions are seen, both with the 
eyes closed and open, and a sleeplessness, not accompanied however 
by any uneasy or restless feelings. The visions which Weir Mitchell 
lays great stress upon, and describes with much detail, cannot be 
accepted as the average effect, considering that he admits himself 
to be a good subject for visions, and that during the few days after 


taking the drug was able to conjure up identical visions, although 


with some loss of definition. 

Eshner, in the same paper as above, states that it caused in him 
a condition of “ muscular insensibility,” or “ motor anzesthesia.” 

Havelock Ellis“, after taking an infusion of three buttons, mentions 
a first stage of exhilaration, which, however, quickly passed off, giving 
rise to a condition of heightened muscular irritability, faintness, diffi- 
culty in concentrating attention, singing in the ears, vague sense of 
perfume in the air, and the colour visions. These latter consisted of 


intensely coloured sensations moving to and fro, and producing the 


impression of constant flickering, and were at first only seen with 
closed eyes. All objects presented a heightened colour, and vague 
shadows floated before the eyes, giving the room rather the appearance 


of a picture than an actual reality. 


' Prentiss and Morgan. Op. cit. 1896, p. 4. 
2 Weir Mitchell. Brit. Med, Journ. Dec. 1896. 
3 Ellis. Lancet, 1. 97, p. 1540, 
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Heffter! described a method by means of which four alkaloids 
could be extracted from the plant. He treated the powdered buttons 
with 70°/, alcohol, filtered, and rendered the filtrate alkaline with 
ammonia, then : 


NM. P. 

Chloroform removed mescaline cuH 151 
Ether „ anhalonidine NO, 150-154 

anhalonnine Ce 855 


lophophorine CHuNO, (amorphous) 


Edmund White, Pharmaceutist at St Thomas's Hospital, in a 
private communication to myself has amplified Heffter's work, and 
prepared the alkaloids 1 in the following proportions . the erude 
“buttons ”: 

} 1-16 per cent. (about equal amounts of = 

3. Anhalonnine — 

4. Lophophorine Mey 


These alkaloids were supplied to me by Mr White in a beautifully 

crystalline condition, except Lophophorine, which appears to be only 
crystalline in the form of a salt. All were freely soluble in distilled 
water, alcohol, or normal saline, and coset remarkable similarity 
in their physiological actions. 
Anhalonnine and anhalonidine have the same formula, and are 
isomeric; their physiological effects are identical. Lophophorine be- 
longs to the same series, differing only by the addition of CH,: this, 
however, appears to have the effect of increasing the toxicity. Mez- 
caline, though apparently differing somewhat in constitution, is also 
closely allied, and its physiological action is almost indistinguishable 
from that of anhalonnine. | 


The animals used in these experiments have been principally dogs 
and cats, but investigations have also been made on herbivorous 
animals, and as far as practicable on the human subject. 

The alkaloids were invariably used in the form of a 1% solution 
in normal saline, the method of administration being generally sub- 
cutaneous injection, although intraperitoneal injection and adminis- 
tration by the mouth were also used on occasion. 

Action upon the skin. A 5% solution applied directly to the con- 
junctiva produces no noticeable effect: also subcutaneous and intra- 


1 Heffter, Berichte, 1. pp. 221—229. 1896. 
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peritoneal injections are not accompanied by any local irritation. In 
the human subject there is no sensible increase of the perspiration. 
Mouth. In all cases there is an increased flow of saliva, which 


becomes equally manifest whether the alkaloid is administered by the 


mouth or subcutaneously. In the case of cats after the injection of 
‘1 gramme of anhalonnine, salivation goes on for two or three hours; 
about 1 C. of this saliva injected into a frog shows the typical effect 
of the alkaloid. 

Gastro-intestinal Canal. After even very large doses of the alka- 
loid, it is not common to get vomiting, although this does occur 
occasionally, The emetic effects described by the Americans who ate 
the crude buttons may to some extent have been due to the cushion 


of fine hairs situated on the top of the dried plant. 


Small doses (ite. all doses administered to man in therapeutic 
quantity) produce constipation, but when the dose is very large 
diarrhoea may be produced, and even in some cases bloody stools. 
In one experiment on a cat, the hypodermic injection of 08 gramme 
was followed in less than one hour by defecation, and later by the 
passage of a quantity of mucoid blood-stained material. Post mortem, 
this animal showed marked congestion of the last six inches of the 
rectum, the rest of the intestinal tract being normal. This action is 
interesting as producing its results indirectly 9 the nervous 
system. 

Blood. No effect is produced on the blood, which was examined 
in animals which had died after the administration of a large dose 
of the alkaloid, and also by treating fresh blood outside the body. 

Circulatory System. One of the most characteristic effects of these 
alkaloids is their action on the heart and circulatory system, and this 
is the more remarkable in that some American observers have denied 
such action. A few drops of a 1°/, solution of the alkaloid in normal 
saline applied directly to the frog’s heart produces a marked effect, 
the rapidity of the beat being diminished, but the duration being 
increased; for example, in one case where the heart was beating 
normally at 31 to the minute, after painting with the solution the 
result was as follows: 

After 5 mins, 23 beats a minute. Beating with increased force. 


” 10 ” : 19 * ” 


„ 20 „ 14 „„ „ Besting with greatly diminished 


force. 
I 60 99 8 99 97 
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The heart subsequently stopped, though the sinus continued 1 
after the auricles and ventricles had ceased. 


Fig. 1. Shows the effect of applying anhalonnine (1% in Ringer) to the frog’s heart. 
Tracing I. is normal; II. effect one minute after application; III. fifteen minutes 
after. Time represents 20 secs, 


Control experiments were performed, using normal saline, but with- 
out causing alteration in the rhythm. 


Perfusion experiments were performed with the frog’s heart after 


5 The point 4 represents the moment of application. 
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the method of Brodie. A cannula having been tied in one of the 
hepatic veins, Ringer’s fluid was slowly forced through the heart and 


Fig. 3. Perfusion of the frog’s heart after the method of Brodie. The figure represents 


the condition of affairs five minutes after a 25 % solution of anhalonnine in Ringer 
had been substituted for ordinary Ringer’s solution. 4 represents the moment at 
which mechanical stimulation was applied. Time = 20 secs. 


allowed to escape by a slit in an innominate artery. By this method 
it was found that the heart would continue beating vigorously and 
with undiminished force for at least eight hours. If now at a given 
moment a solution containing 1 in 1000 of alkaloid in Ringer be sub- 
stituted for Ringer, the effect is characteristic: slowing immediately 


occurs, and after a few minutes the heart suddenly ceases to beat in 


diastole ; artificial stimulation, such as pricking, is sufficient to start 
it again, only however to stop once more, the stoppages occurring 
quicker after each repetition (Figs. 1 and 3). Stimulation of the 
vagus now shows that it is completely paralysed. Stimulation of the 
crescent will for a time produce quickening of the heart after the 
vagus ceases to inhibit, but this effect also is soon lost. | 

If a few drops of a half per cent. atropine solution are applied to 
a frog’s heart which has been previously slowed by mezcaline, no 
alteration in the rhythm occurs; this is interesting as being in marked 
contrast to the slowing produced by muscarine. 

If a frog’s heart, to which a 1% solution of nicotine has been 
applied, so as to produce paralysis of the nerve cells, be treated by 
a mezcaline solution, the typical slowing is immediately produced. 
From these experiments it appears that the slowing is produced by 
the direct action of the alkaloid on cardiac muscle fibre. | 

In mammalia its effects are also characteristic; a small injection 
(01 gramme mezcaline) into the jugular vein of a cat at first lowers 
the blood-pressure for a few seconds, but soon a —— and per- 
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manent rise occurs; with this alteration in pressure there is cardiac 
slowing, which however passes off in a few minutes, the heart resuming 
its normal rhythm (Figs. 4 and 5). 


Fig. 4. Blood-pressure tracing of a cat, showing the effect of injecting a small quantity 
of anhalonnine. 2 0. 0. of a 1% solution injected at 4. 


Fig. 5. Blood-pressure tracing of a oat, showing the effect of injecting 1.c.c. of a | 
1%, solution of lophophorine. 


Should a large quantity have been injected, say 04 gramme, She 
initial fall is greater and much more prolonged, and may even continue 
for half-an-hour or more: with this fall there is a much more marked 


om 
. 
— 
= 
3 a 
ay 
q 
ag 
= 
by. 
ig 
a 
4 ag 
3 
8 
#1 
E. 
4 
7 
4 
ig 
« 
7 
WE 7277 ]ꝗſꝗ ůͤ]rrꝝʒʒ :]; «“? ͤ ꝗ 
i, 
1 ag 
2 
vay 
* 
* 
4 
E. 
2 
* 
7 
* 
— 
ad 4 
ing 
_ 2 
3 
5 
5 
“a 
4 
17 
2 
¢ 
a 
— 
* 
“a 
* 
4 
q 


—— 


— — 


— — 
— 


— 


— 


— 


76 W. E. DIXON. 


slowing of the heart. After a variable period there is a rise; this may 
either be gradual or more frequently sudden, as shown in Exp. V. 


(Fig. 6), the pressure exceeding the normal by from 10—20 mm. of 


mercury. After.such an injection examination of the vagus shows it 
to be paralysed, generally completely, no amount of stimulation pro- 
ducing slowing or inhibition. If experiments be performed in which, 
simultaneously with the blood-pressure, the alterations in the vascu- 


Fig. 6. Blood-pressure tracing of a cat (illustrating Exp. V.). At 4 74 mins. after an 
injection of 05 grm. mezcaline there is a sudden rise of blood-pressure to about 
normal; and at B, 84 mins, after the original injection the blood-pressure suddenly 
undergoes a further rise. 


larisation of a loop of intestines are recorded by enclosing it in an 
air oncometer, it becomes evident that the changes of blood-pressure 
caused by the alkaloid are cardiac because the curve of the oncometer 
is an entirely passive one, following the curve of the blood-pressure. 
If, further, the nervous mechanism of the heart be paralysed by the 
injection of atropine, it is still found that, on administering the alka- 
loid, the typical effect is produced, i.. the initial fall and subsequent 
rise in pressure with the cardiac slowing. All this evidence points to 


the conclusion that the main effect of these alkaloids is a direct one 


on cardiac muscle. 

Another curious result was occasionally noticed in dogs after the 
subcutaneous injection of a large dose: 10 mins. after injection the 
face began to swell, and in half-an-hour’s time oedema had rendered 
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it enormous, the lips and eyelids being greatly swollen; during this 
condition the heart was slow, and could barely be felt through the 
skin. One hour later the odema had in every case disappeared, 
and the heart was quicker and very much stronger. 

In man ‘05 gramme lophophorine produces a marked slowing of 
the beat; in one case, in half-an-hour the beat was reduced from 70 
to 55 per min.; with this slowing there is a rise in pressure with an 
apparently increased force of beat. 

Muscular System. By isolating a frog’s sartorius and painting with 
the standard solution no effect could be produced, the muscle reacting 
to stimuli normally as before. 

Respiration. In moderate amounts no effect is produced on respi- 
ration, but in toxic quantities the respiration becomes quicker and 
shallower, death ultimately occurring from failure of the respiratory 
centre. In cats, after section of both vagi, a dose of the alkaloid, 
ordinarily sufficient to produce quickening, now has no effect. A still 


Fig. 7. Blood-pressure tracing of a cat. At A 2 0.0. of a 1% solution of lophophorine 

previously cut. 

larger quantity, however, will nevertheless cause death by paralysing 

respiration (Fig. 7). In man the most serious result of an intoxicating 

dose is this effect on respiration, the breathing becomes shallower and 

more rapid, there are occasional long-drawn and deep sighs, and a 

painful feeling of suffocation is present. 

Nervous System. It is for their curious effects on the nervous 
system that these alkaloids are most remarkable; very large doses, 
quite non-therapeutic in amount, are however required before the 
colour visions, etc. described by Mitchell are observed. 

When a few drops of the standard solution are injected into the 
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lymph sac of a frog, the animal, after an interval of from 5 to 10 
minutes, begins to walk about. In a short time it shows signs of 
paralysis, especially in the fore-limbs, so that when moving, these 
seem to be pushed forward by the hind. Paralysis is more marked 
in flexor than extensor muscles, the animal being able to extend its 
legs in the attempt to jump, but being unable to flex them again. 
Also in this condition slight irregular twitchings of muscles appear 
over the limbs and trunk, and the animal becomes exceedingly sus- 
ceptible to stimuli, until the slightest touch or even breath of cold 
air is sufficient to give rise to a little nervous explosion, with the 
resulting contraction of several muscles. In a later stage (should the 
injection have been sufficiently large) there is complete paralysis, and 
an absence of the spontaneous twitchings, but the increased reflexes are 
still present. The frog now becomes gradually rigid, and the reflexes 
diminish until the rigidity is such that the whole body may be held out 
horizontally by simply supporting the legs, and peripheral stimulation 
produces no response. Stimulation of the sciatic nerve now produces a 
normal contraction, so that the effect must be central. If the nerve of 
an ordinary nerve-muscle preparation be placed with its end dipping 
into a 4°/, solution for five minutes, no amount of stimulation will 
produce contraction, though the muscle still contracts when stimulated 
directly, an effect shown to be due to paralysis of nerve terminals. 

If, whilst the frog is in the condition of increased reflex excitability, — 
the brain is destroyed down to and including the medulla, the animal 
may still be thrown into a slight convulsion by a peripheral stimulation, 
although not to the same extent as before. 

In mammalia the effect of intoxicating doses is highly character- 

a istic. Cats generally exhibit a liking for the dark; they purr in- 
cessantly, and occasionally utter plaintive mews. This condition is 
: followed by a soporific stage, in which the animal sits somewhat 
) huddled together, with slightly dilated pupils, “fixedly staring,” and 
it is only with difficulty that its attention can be arrested. All 
the reflexes are exaggerated, and there is considerable blunting of 
cutaneous sensation, whilst painful stimuli, such as pulling the ears, 
pinching the tail, or pricking with needles, are not noticed. The 
animal will not move unless compelled to do so, when it shows an 
ataxic gait, with jerky and very stiff movements; it keeps its legs 
widely apart, and, on coming to a standstill, shows a to-and-fro swaying 
movement, evidently the result of ataxia. In the same condition ex- 
cessive starts occur as the result of stimuli, such, for example, as 
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2 a weight, in which case the animal will also entirely fail to 
localise the sound. 

When still further under the influence of the alkaloid, it becomes 
exceedingly difficult to rouse, and, besides the great incoordination of 
movement, shows definite signs of loss of power. It now lies in any 
position in which it is placed, the pupils are widely dilated, the eyes 
are closed, and the head drooping; no notice is taken of sound or 
cutaneous sensations, but it may be roused either through the sense 
of sight, taste, or smell. A little salt placed on the tongue, or carbon 
bisulphide near the nose, is sufficient to give rise to a momentary 
explosion of incoordinated movements over the whole body. Simi- 
larly, on raising the head and opening the eyes of a cat in front of 
a dog, no effect may be produced for an interval, but suddenly per- 
ception occurs, the dog is recognised as such, and a paroxysm of 
muscular movements is the result, the teeth showing, and the hair 
being erected, etc., to pass off, however, in two or three seconds, when 
the cat again lapses into its previous torpid condition. Irregular 
twitchings of muscles over the whole body may be seen, but are never 
troublesome or severe. : 
. Occasionally, after an intoxicating dose, most of the physical ele- 
ments of “terror” can be made out. The ears are drawn back, the 
hair over the body, especially the tail, becomes erected, there is 
twitching of the superficial muscles, the respiration being shallow 

and hurried, and the heart weak and irregular. 
: Herbivorous animals are less susceptible than carnivorous. In 
man! the nervous effects are extremely interesting, but on account of 
the respiratory depression which is liable to occur it is not desirable to 
experiment too freely; it is necessary to remember that this substance, 
like Indian hemp, varies considerably in its effects on different indivi- 
duals, and that the element of idiosyncrasy is marked. 

The pure alkaloid was dissolved in distilled water, and administered 
either by subcutaneous injection or by the mouth, in the former case 
the results being much more constant and certain. 

The action may be divided into a preliminary stage and a stage of 
intoxication. In the former there is excitement, a feeling of exhilara- 
tion, and diminished kinwsthetic sensations, performances involving 
effort being hardly noticed, the face is flushed, and the pupils dilated ; 
there is a tendency to talkativeness, which may become wandering 
later, when the patient begins to feel “light-headed. 
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This stage quickly passes away, and is followed by one of intoxi- 
cation, in which there is a great inclination to lie down, although 
there is never any tendency to sleep. The pupils are now widely 
dilated, and act but sluggishly to light. On attempting to walk, the 
gait closely resembles that in alcoholic intoxication, and in all move- 
ments requiring precision the incoordination is evident. The body is 
generally in a tremulous condition, the tremors showing well when the 
attention is fixed on anything held in the hand. Reflexes over the 
whole body are much increased, including the skin reflexes, although 
there is considerable blunting of painful and tactile sensation. Twitch- 
ing of muscles occurs in various parts of the body, especially noticeable 
in the face, and there is a curious feeling as if the face, lips, tongue, 
etc. were much swollen. 

As in cannabis indica, time is oven, possibly as a result 
of the rapid flow of ideas and the inability to fix the attention. 
Perception of space is also modified, on one occasion giving the impres- 
sion that the ground sloped away in all directions. | 

Perception may be considerably delayed ; for example, one may look 
at a person one knows well, and it is only after scanning his features 
for what appears to the experimenter a considerable time, that recogni- 
tion occurs; it is possible, however, that this may be explained by the 
increased time-relation. The attention cannot be fixed, as the least 
stimulus is sufficient to alter the train of thought; thus it was found 
impossible to fix the attention on a book, and a subsequent examina- 
tion of notes attempted during intoxication showed incoordination both 
as regards language and writing. 

On two occasions when deeply under the influence of the drug, 
there was an indescribable feeling of dual existence ; thus, after sitting 
with closed eyes subjectively examining the colour visions, on suddenly 
opening them for a brief space one seems to be a different self, as 
on waking from a dream we pass into a different world from that in 
which we have been. This may be to some extent comparable to 
the rhythmical rise and fall of the “physical waves” in Indian hemp 
intoxication. _ 

But by far the most remarkable of these subjective phenomena are 
the sensory hallucinations, especially visual. These arise gradually, and 
are at first only seen with closed eyes: in the early stage (in my case) 
they closely resemble an attack of megrim', in that they show the same 


1 The colour visions occasionally seen in hysteria, neurasthenia, etc. may be com- 
pared to these. 
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undulatory motion of zigzagged lines. The visions rapidly become 
more marked, until on closing the eyes a regular kaleidoscopic play 
of colours can be seen with either eye, precisely the same; hence the 
condition must be central. | 

These colours may assume all kinds of fantastic shapes; they are 
never still, but constantly in motion, sometimes in a circular or 
to-and-fro manner, but more generally there is a kind of pulsation 
somewhat similar to that in the cinematograph. It is interesting to 
note that pressure to the eyeball was sufficient to alter the colours and 
change the type of vision. In no case were visions of external objects 
seen, but always the same dashes of colour, of a brilliance and 
blending which in the intoxicated condition one considered of inde- 
scribable beauty, and even as a memory still seem to possess a charm. 
The colouring of all external objects is intensified. The light blue 
shadows seen with the eyes open in this stage are, as suggested by 
Ellis, probably due to dilatation of the pupils. Dobrowolsky“ has 
shown that the dilatation of the pupils is necessary to such vision. 

The effect of the sound of the piano was most curious and 
delightful, the whole air being filled with music, each“note of which 
seemed to arrange around itself a medley of other notes which appeared 
to me to be surrounded by a halo of colour pulsating to the music. 

Nasal hyperesthesia was also present, though less evident than 
either the visual or auditory phenomena. 

Urine. The drug is to some extent excreted by the kidneys, as was 
shown by the fact that I of an hour after injection of 2 gramme of the 
drug into a cat, 1 ce. of the urine produced a typical effect on a frog. 
Control experiments showed that normal urine produced no effect. 

All the alkaloids are distinctly diuretic. This is explained by observing 
their effect on the renal blood-pressure. If the kidney be placed in an 
oncometer and a tracing of the kidney volume: be obtained together 
with the blood-pressure tracing, after an injection of one of the 
_ alkaloids it is seen that the effect on the renal vessels is passive. 
Hence the rise in pressure in the arteries which occurs after small 
doses will cause a rise in pressure in the renal blood vessels with 
resulting diuresis. 

Differences between the alkaloids, Anhalonnine and anhalonidine 
have an action which seems to be the same in each case, but lopho- 
phorine, whilst behaving very similarly to these, is probably about 

1 Compare violet visions after eye operations. 
1 Arch, fur Ophthalmologic, XXIII. p. 218. 
PH. xxv. 6 
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twice as active: also the reflexes and automatic twitchings seem more 
marked in the case of lophophorine, suggesting its greater nervous 


Nil | 

i 

YY, 


Fig. 8. Simultaneous tracing of the volume changes of the kidney and the blood - pressure 
of a dog. 4 represents the moment of injecting 10 b. 0. of 1% solution of anhalon- 
nine. (The blood-pressure and kidney volume subsequently rose above normal.) 


activity. As lophophorine differs only by the addition of CH, from 


anhalonnine and anhalonidine, and as it is extremely probable that it 
belongs to the same homologous series, this increased activity is 
remarkable. | 

- Mezcaline, whilst agreeing precisely with the other alkaloids as 
regards cardiac and respiratory action, etc., appeared more effective in 

the production of colour visions. 

_ After-effects. The only after-effect of serious import is the respiratory 
depression already mentioned. Circulatory depression also occurs, but 
is never so serious as the respiratory. Nausea is generally present 
after a large dose, but vomiting is rare. Headaches are seldom of 


serious importance, and when present are invariably described as being 


confined to the occipital region. From a considerable number of 
observations on myself, in only one case was an occipital headache 
produced, but then it lasted two days. Small administrations never 
produce unpleasant after-effects. 
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It must therefore be concluded that Mescal acts differently from 
any other known substance, although in isolated properties it resembles 
many. Cannabis indica, which at first it was thought most closely to 
resemble, differs from it in the delusions of merriment and in its 
hypnotic effect, whereas Mescal never gives rise to merriment, but 
rather to a condition of ideal content, and produces wakefulness. 

To strychnine it is closely related by its marked effect on the brain 
and cord, but whereas strychnine acts mainly on the cord, the effect of 
“ Mescal” is mainly cerebral and opisthotonos never occurs. 

Nicotine it resembles in its effects on nerve, first paralysing nerve 
cells and then fibres. 

Further of its properties may be compared to those of digitalis and 
cocaine, but in each case with marked contrasts. In its peculiar stimu- 
lation of the occipital cerebrum it appears to stand alone. 

Its properties lead one to hope it may be of use in therapeutics : 
from the fact that even after very small doses a feeling of well-being 
and exhilaration results, points to its use as a general stimulant to the 
central nervous system, the diminution in the kinzsthetic sensations 
possibly making it of special use in melancholia. Further it is possible 
that its effect on slowing the heart by a direct action on cardiac muscle 
and in small doses increasing the force of the beat may be found of use. 
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TYPICAL ILLUSTRATIVE EXPERIMENTS. 


Exp. I. Frog. Injected 008 gramme anhalonnine (1% N. .). 


10 mins, Walking on toes. On jumping, fell on abdomen, with legs extended, which 

are drawn up afterwards. 

30 mins. Fore limbs are almost completely paralysed, and when the animal moves 
these are pushed forward by the hind limbs. Cannot turn from the dorsal position. 
Reflexes increased. Irregular twitchings of the muscles. 

60 mins. Complete paralysis, but a slight stimulation, such as a knock on table, or 
whiff of air, is sufficient to cause a small paroxysm of muscular contraction. 

6 hours. Frog dead. 


Exp. II. Frog, pithed and the heart and both vagi carefully exposed, and arrangements 
made to record the beats on a writing surface. Heart beating regularly 40 to minute. 
Either vagus on stimulation with secondary coil at 10 c,c. will completely inhibit the heart. 
3 or 4 drops of 1% solution of alkaloid in normal saline dropped on heart. 

1 min. Heart 34. Diastole drawn out. 

3 mins. Heart 29. Stimulation of either vagus with the secondary coil at 10 cc. 
produces no effect and no strength of current is sufficient to produce inhibition. 
Stimulation of the sinus venosus at 15 0. e. gives rise to quickening of the heart. 

80 mins. Heart 20, and stimulation 

Secondary coil at 8 c.c. 


Exp. III. Cat. Weight 1°84 kilos. Heart 180. Respiration 30. Injected subcu- 
taneously 08 gramme anhalonnine. 

5 mins. Salivation marked, purring loudly, with occasional mewing. 

15 mins. Lying down, and can only be made to move with difficulty. Eyes staring 

into space, fixed, dilated, Animal immoveable till disturbed. 

20 mins. Heart forcible 136. Respiration 84, shallow. Mouth kept wide open, 
apparently, to facilitate breathing. 

30 mins, When walking shows marked ataxia, occasionally losing its balance whilst 
turning. Joints seem stiff, and the legs are held widely apart. 

50 mins, Passed by bowels some liquid blood-stained mucoid material. Seems now 
quite incapable of walking. Reflexes increased. Cutaneous sensation much blunted. 
Heart 140, fairly strong. Respiration 110, very shallow. 

14 hours. Lying on side. Eyes immoveably fixed, and pupils widely dilated. Heart 
190, irregular, occasionally dropping a beat. Respiration 164. Salivation still 
very marked. Hair over whole body and especially tail markedly erected. 

Post mortem: Congestion of all abdominal viscera, liver, spleen, kidneys, mesentery, etc. 
Intestines, which contain some food, are quite normal, except for the last 6 ins. of rectum, 
which shows a marked hypermmia, especially intense on the rugw. This portion of in- 
testines contains a trace of free blood. Bladder empty, — 

The brain and cord both show a well-marked hyperemia. 


Exp. IV. Cat. Weight 2°18 kilos. Injected subcutaneously *08 gramme anhalonnine. 
Previously heart 198, respiration 22. 
15 mins. Exhibited a liking for dark. Considerable salivation. Occasional plaintive 
mews. Pupils slightly dilated. Remains fixedly staring at an object until dis- 
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turbed. Heart 180, respiration 63. Takes little or no notice of ear pulling, tail 
pinching, or other form of painful stimulation. Gait ataxic, 

2hours. Salivation. Heart 186, forcible. Respiration 45. On attempting to jump 
misses mark, and falls heavily. Reflexes increased. Pupils dilated and react but 
sluggishly to light. Very little notice taken of painfal stimuli. Staring phenomena 
particularly well marked. Gives excessive starts on slight noises. When standing 
shows some to-and-fro movements. 

3 hours. Heart196, forcible. Respiration 68. Taking no notice of cutaneous stimuli. 
Incapable of standing. NaCl placed on tongue, or CS, or NH, put near to the nose 
act as a powerful stimulus, causing quite a paroxysm of movements. Similarly the 
presence of a dog, can the cat be made to recognise it as such, acts as a stimulus, 
giving rise to a spasm of incoordinate movements. Salivation still continues. — 

Subsequent history: Constipation for three days, and then a little diarrhea. Refused 

food for 48 hours. 


Exp. V. Cat. Weight 1°93 kilos. 
blood-pressure, respiration, time, eto. Heart 192, respiration 17. Injected 05 gramme 
mezecaline into jugular vein. For half a minute there is a slight fall in pressure, followed 
immediately by a considerable rise, and the pressure continues high and has no subsequent 
marked fall. 

lst Injection. 

1 min. after. Heart 160, much stronger and more forcible. Respiration 11, slower and 

deeper. 

5 mins. after. Heart 180, very strong. Respiration 18. 

4 hour after. Heart 142. Respiration 10. 

2nd Injection. Of 05 gramme now given. 

After which there is « short rise of pressure for about 40 seconds, followed by a very 
great fall. 

2 mins. after. Heart 50. Very feeble. Respiration 13. Pressure very low for about 

10 minutes, and it seemed as if the animal would die. 

5 mins. after. Heart 98, very feeble, slow, and irregular, Respiration 10. 

84 mins. after. Without any warning there is a sudden rise of pressure to normal, 

with a considerably more active heart - beat. 

94 mins. after. A second sudden rise in pressure considerably above normal. Heart 

now beating 130 very vigorously. (See Fig. 6.) 


Expr. VI. Healthy adult man. Weight 11 stones. 25 gramme alkaloid taken by 
mouth (roughly an amount equivalent to two buttons), 12 o'clock. Before 3 
pulse 73, respiration 17. 

12.30 p.m. A strange feeling of exhilaration. Light-headed and restless, unable to 

read, as attention flags. Some salivation. 

lp.m. Feeling of nausea, some retching, but no vomiting. | 

1.30 p.m. Nausea still present, but not so marked. When sitting with closed eyes, balls 

of red fire pass slowly across field of vision. Later these changed to kaleidoscopic 
displays, with ever-varying colours, or revolving wheels of colour being arranged in 
a definite pattern, which constantly changes. Only seen with closed eyes. After- 
images are prolonged. 

2p.m. Pulse 55, strong. A peculiar feeling of stiffness noticed over head, sealp, lips, 

and cheeks. Visions have become more brilliant and real. They now consist 
largely of coloured lines crossing in all directions and mapping out ever-varying 
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86 W. ZE. DIXON. 
patterns. Pressing the eyeball is often sufficient to alter the colours, The colouring 
of external objects appears particularly vivid, and some scent sprinkled on a hand- 
kerchief seemed at times peculiarly strong and penetrating. Pupils well dila 
and act sluggishly to light. Feel a strong desire to lie down. 5 
2.30 p. m. Feeling of nausea quite disappeared, but there is a sense of oppression on the 
chest, and the respiration 35, shallow, with occasional deep sighs. I now experienced 
an extraordinary idea of unreality; I seemed to be having a dual existence—one in | 
which I was subjective to all external and internal impressions (colour visions, ete.), 
and a second existence quite indescribable, in which I seemed to watch myself 
. mentally in this subjective state. My hands now were tremulous; knee jerks in- 
ü creased. On walking I seemed to be “ treading on air,” and was ataxic. My voice 
became a little hoarse, auditory hypermsthesia caused starting readily on slight 
noises. Intellection and introspection seemed to me unimpaired. 
3 p. m. On seeing a friend I tried to be natural, but found myself asking him for the 
third time if he were all right. Fresh thoughts constantly rushed through my mind, 
if and before I could complete a note I often forgot what I was writing about. 
1) 4 p.m. Took some food. Feeling more sober. My spirits very exuberant. Visions 
‘| | fading, respiration normal, heart 75. 
a 10 p.m. Still some dilatation of the pupils, and the curious feeling of exhilaration. 
After-effects were principally insomnia. No noticeable effect on bowels or urine. 
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THE PHYSIOLOGICAL EFFECTS OF EXTRACTS OF 
THE PITUITARY BODY. By E. A. SCHAFER, F. R. S., 
Ab SWALE VINCENT, MB. (Six Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


Results obtained by previous Observers. Oliver and Schafer' 
showed that a decoction of the pituitary body of the sheep produces 
a marked rise of blood-pressure when intravenously injected. The 
rise of pressure is rapid, its amount varying with the initial pressure. 
The fall is slow and the maximum pressure is maintained for many 
minutes if the dose has been sufficient. The rise is due both to con- 
traction of arterioles and augmentation of heart-beats: It occurs in 
mammals after division of the spinal cord or destruction of the bulb. 
This indicates that the action is a peripheral one, which is confirmed 
by the fact that when added to Ringer’s circulating fluid and perfused 
through the blood vessels of a frog which had been pithed the extract 
greatly diminishes the flow of fluid. The action of the pituitary 
extracts was found not to be so powerful as that of suprarenal; the 
substance is less readily eliminated, so that the effect lasts much 
longer, and the action upon the heart is different, the intense 
inhibition amounting sometimes to complete stoppage of auricular 
action which is observed with suprarenal extract being absent with 
pituitary. On the other hand, the accelerating action observed with 
suprarenal extract with cut vagi is not seen with pituitary but may 
be replaced by a certain degree of slowing. 

Szymonowicz’ obtained an effect with e extract in two 
experiments only, and this he states was a slight lowering of the blood- 
pressure and a quickening of the heart-beat. These effects are quite 
different from those described by all other observers. 

Howell“ made extracts of both the hypophysis cerebri, or anterior 


1 This Journal, vm. 1895. | 
2 fluger's Archiv, Lxxv. 1896. 
Journ. of Exper. Medicine, u1. 2. 1898. 
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lobe, and the infundibular body, or posterior lobe, and the effects of: 
each were tested separately on dogs. He employed both saline and 
glycerine extracts. The material used was obtained in a few cases 
from the dog, but usually from the sheep, The extracts of the 
hypophysis alone caused little or no perceptible change in blood- 
pressure or heart rate. With the extracts of the infundibular body, 
however, the results were very marked and in their main features 
quite constant. With vagi intact there was prolonged slowing of the 


heart-beat accompanying increased blood-pressure, while with vagi 


cut or after atropin there was a marked prolonged rise of blood- 
pressure with less slowing of heart-beat. Howell also noticed that 
the result of one dose is to diminish or even annul the action of a 
second, unless a very considerable time (half-an-hour or more) is 
allowed to elapse. | 

Cyon’ has also noted that the rise of blood-pressure is accompanied 
by slowing of the pulse. Both these effects he attributes to stimulation 
of the pituitary body by the extract which has been injected’, He 
“states that stimulation of the hypophysis in the body either electrically 
or mechanically will produce similar results through the vagi, and 


that after extirpation of the organ the effects can no longer be pro- 
duced by injections. We have not performed any experiments either 


in the direction of stimulation or extirpation of the hypophysis, but 
the results obtained by intravenous injections of pituitary extract tend 
in our opinion to point to an explanation different from that offered 
by Cyon. A similar opinion is held by Biedl and Reiner“. 
Cleghorn‘ has obtained slowing of the isolated mammalian heart 


on perfusion of the infundibular extract. 


For the purposes of this investigation the pituitary body of the 
ox has been used. The organ in this animal is of large size, and we 
have found it an easy matter to separate the infundibular part from 
the rest. The extracts have been prepared in various ways. Some- 
times we have employed preparations from the fresh organ, sometimes 
after drying. The extracts have been made with water or saline 
solution (decoction), alcohol, ether, and glycerine. Combinations of 
these processes and dialysation have also been resorted to. The de- 


1 Pfliiger’s Archiv, uxxt, 1898. Pliiger’s Archiv, 1898. 
8 Phliiger’s Archiv, xxi, 1898. 4 Amer. Journ. of Physiol. 11. 1899. 
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tailed modes of preparation are similar to those employed previously 
in the case of the suprarenal body’. The dialyzed extracts we find 
to be active, so that the substances to which the activity is due are 
not proteids. 

In most of our experiments a solution equivalent to about one 
part of the dried material to four of water or normal saline was used, 
and this has been always filtered previous to injection into the vein 
(external jugular). 

The animals employed to test the effects of the extracts have been 
cats. Chloroform or ether has been used as the anesthetic, followed by 
morphia and curari, and sometimes also by atropin. 

Only a few experiments have been made upon the effects which 
can be produced by the subcutaneous injection of decoctions of the 
infundibular part of the pituitary. These were performed upon mice 
and young rats, and (although the dose required was much greater) 
have shown that the pituitary extracts produce results resembling in 
a general way those of suprarenal extracts“. They cause quickened 
respiration, increased heart's action, and ultimately paralysis, com- 
mencing in the hind limbs. 

We confirm Howell’s statement that the rise of blood-pressure 
is produced solely by the infundibular part of the pituitary and not 
by the hypophysial part. This is not what might have been expected, 
seeing that the hypophysial is the proper glandular portion, while 
the infundibular part is developed as a process of the brain. Berkley’ 
has however observed glandular looking cells in the infundibular 
portion, suggesting possible secretory activity of that portion, and this 
observation we find to apply both to ox and sheep pituitary. Our 
experiments indicate the presence of two principles in the watery 
decoction and glycerine extract of the infundibular body; having 
distinct physiological actions. Of these, the one produces a rise, 
the other a fall, of blood-pressure. They may accordingly be dis- 
tinguished as the pressor and depressor substances, and their action 
may be described separately, 

The pressor substance. This substance, which appears to be the 
one the action of which was chiefly obtained by Oliver and Schäfer, 
causes a rise of blood-pressure resembling in a general way that which 


1 Op. Oliver and Schäfer. This Journal, xvi, 1895; also vill. p. 278, 1895; and 
Swale Vincent, this Journal, XXII. p. 117. 1897. 
* Cp. Swale Vincent, loc. cit. 


Johns Hopkins Hosp. Rep. rv. 1895 (quoted from Howell). 


- 
7 
N. 
1 
‘ 
om 
12 
E 
— 
ms 
ag 
* 
2 
7 
— 
2 
px. 
r 
* 
2 
* 
* 
4 
3 
2 
25 2 
15 * na 


E. A. SCHAFER AND S. VINCENT. 


can be produced by the injection of suprarenal extracts. The rise of 


pressure, as in the case of suprarenal extracts, is partly caused by 
contraction of arterioles and partly by increased force of heart-beat. 
That this is the case is shown by the tracing reproduced in Fig. 1, 
in which the upper curve represents the volume of a segment of 
intestine included within a plethysmograph, and the second curve, 
the blood-pressure taken by a cannula in the carotid. It is to be 


Fig. 1. Effect upon the arterial pressure and intestinal volume of intravenous injection 
of decoction of infundibular body. Oat under morphia and curari. The time- 
marking in all the tracings indicates five seconds. 


noticed in the tracing that the first rise of blood-pressure begins to 
pass off while the intestinal vessels are still contracting, and that the 
blood-pressure remains high even when the intestine volume has 
come back almost to normal. It is therefore evident that another 
factor is in operation to produce the rise of arterial pressure, and this 


can only be increased force of heart-beat’. 


1 The increased force of the heart-best was proved by Oliver and Schäfer by 
direct myographic tracings from the mammalian heart. One of these is given in the 
article “‘ Ductless Glands” in Schäfer's Text-Book of Physiology, Vol. 1. 1898. 
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The rise of blood-pressure may, as is seen in Fig. 1, and as Oliver 
and Schäfer found, be uncomplicated by the slowing of the pulse 
described by Howell, or it may show this feature in a marked manner, 
as is seen in the tracing reproduced in Fig. 2'. 


Fig. 2. Effect upon the arterial pressure of intravenous injection of decoction of iufundi- 
bular body. Cat. Morphia and curari. Although this was the first injection, the 
effect, which is very marked, passed off in about four or five minutes so far as the 
rise of pressure is concerned. Nevertheless a second dose produces, instead of a 
rise a marked fall of blood-pressure (absent as the result of the first injection), which 
is followed by a very slight secondary rise. Note the increased excursions of the 
mercury, most marked near the beginning of the falling curve, indicating cardiac 
inhibition. 

Whether this slowing is to be attributed to another substance in 
the extract which we have not succeeded in isolating cannot at present 
be stated, but the fact that it sometimes fails to show itself, although 
the rise of blood-pressure may be most marked, points in that direction. 
It must not be forgotten that with intact vagi it may in part be due 
to excitation of the cardio-inhibitory centre by the greatly augmented 
arterial pressure or by contraction of the bulbar arterioles and con- 
sequent anemia of the centre. It must however be partly the result 


1 Although the actual pulse-beats cannot be counted in these reproductions, the 
slowing is indicated by the increased exc ursions of the mercury which are well seen at the 
beginning of the fall of pressure in the curve shown in Fig. 2. Such increased excursions 
are often erroneously taken to indicate increased force of heart-beat. The regular 
rhythmic fluctuations of pressure seen in the curves are of course the effect upon the 
blood-pressure of the artificial respiration. 
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action upon the arterioles throughout the body was shown by Oliver 
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of a direct action upon the cardiac muscle or its nervous apparatus, 
since, as Howell has shown, it is still obtainable, although to a less 
extent, in an animal with vagi cut or after atropin’, and Cleghorn 
has obtained the action upon the isolated mammalian heart. 

That the rise of blood-pressure is largely produced by the peripheral 


and Schafer (cf. above, p. 87). This statement we can fully confirm. 

Aſter the administration of atropin the rise of blood-pressure 
which is got on intravenous injection of the infundibular extract is 
enormous, and is accompanied by very little slowing of the — 


— 


Fig. 3. Effect upon the arterial pressure of intravenous injection of 8 of 
infundibular body. Cat. Morphia, curari, atropin. First injection. Note, as 
compared with Fig. 2, the relatively slight amount of cardiac inhibition at the 
beginning of the fall. N 


1 This was also noticed by Oliver and Schafer. 

1 The intestinal effect appears to be purely passive in this tracing, the isolated vessels 
apparently not having acted with the rest of the vascular system. Several of the 
plethysmograph curves indicate the production of a slow rhythmic contraction of blood 


2 
14 
34 
; 
84 
4 \ 
‘ 
ke 
7 x 
7% 
* 
3 
* 
>: 
* 
4 
4 
1 
1 
2 
= 
N 
5 
ag 
| 
j 
| 
| 
vessels, 
2 
é 
1 q 
2 


PITUITARY BODY. 93 


11 This rise of pressure is comparable to that caused by suprarenal 

a extract’, but there is an important difference between the action of 
this “pressor”’ pituitary substance and that of suprarenal extract, in that 
a second dose of pituitary, if administered soon after the first, will 
fail to produce a second similar rise of pressure. (See Figs. 2 and 4.) 
This is the case whether atropin have been administered or not. 


The discovery that a second dose of the extract, administered soon after 
the first, produces little or no effect in raising the blood - “pressure is due to 


* 


sak differentiate the action of the “ pressor” substance of pituitary from that of 

5 suprarenal extract, and indeed from that of all other substances having a 
marked “ pressor” action which we have tried, And it is the more striking 
because the repeated dose not only does not produce an immediate rise of 


Fig. 4. Continuation of the experiment of Fig. 8. The numbers 2 and 3 upon the 
tracing indicate the administration of a second and third dose of the extract after the 
blood-pressure had come down again to normal. Notice the marked fall, which is 
followed by a rise very much smaller and less prolonged than as the result of the first 
injection. 


pressure, but 1 (owing to the en of the „ substance) 
causes a marked fall. 


1 Cp, Oliver and Schäfer. This Journal, xxin. 1898; xxrv. 1899, 
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Although, as a general statement, it is true that no rise of blood-pressure 
is obtained by a second dose of the extract following soon after the first, it 
is obvious in our tracings, which are taken on a very slowly moving surface, 
that a delayed rise does usually occur. This slight after-rise succeeds the 
marked fall which, as just stated, is the characteristic feature of a repeated 
injection. Both the fall and after-rise are very apparent in the two curves 
reproduced in Fig. 4, which is a continuation of that given in Fig. 3. 

We find that the substance which produces the rise of blood- 
pressure is insoluble in absolute alcohol. 

The depressor substance. As has been just stated, if a second dose 
of an infundibular extract be administered soon after the first, little 
or no rise of blood-pressure is produced, but on the other hand a 


Fig. 5. Comparison of the effects of cholin and extract of infundibular body. 


marked fall (see Fig. 2, and Figs. 4, 5, and 6), and this fall can 
apparently be repeated as often as desired’. The lowering of the 


1 This fall of pressure on repeating the injection is not mentioned by Howell, 
although he obtained almost constantly, in the dog, a preliminary fall as the result of a 
Jirst injection. This we have not seen in our experiments, which have nearly all been 
performed upon the cat. 
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hlood- pressure is due to the second of the two sited substances. 
This “depressor” substance can be approximately isolated as follows. 
Dried infundibular material is extracted with absolute alcohol, the 
extract filtered, and the alcohol allowed to evaporate. Thé residue 
is treated with ether, the ether extract is filtered, and the ether 
allowed to evaporate: the residue of the ether extract is then ex- 
tracted with normal saline. 

The resulting solution, when injeoted into the vein, causes a 
marked fall of blood-pressure without any rise, either before or after 
the fall. The curve presents a striking resemblance to that caused 
by cholin. Fig. 5 shows this similarity. In this tracing the first 
fall of the blood-pressure tracing is due to cholin hydrochlorate 
(1 cc. of a 0˙2 p.c. solution); the second to the “depressor” substance 
of pituitary. It seemed natural to suppose that the pituitary fall is 
actually due to the presence of cholin in the extract, since cholin is 
a product obtainable from nervous matter, and the infundibular body 


Fig. 6. The same after the administration of a small dose of atropin in the same 
animal as that employed to obtain Figs. 3 and 4, of which this curve is the 
continuation, The numbers indicate: 5, a fifth dose of decoction of infundibular . 
body; 6 and 7, a first and second dose of cholin hydrochlorate. Notice that instead 
of the fall shown in Fig. 6 as the result of cholin injection there is prodnesd 's slight 
and evanescent rise. 
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is mainly composed of grey matter. But, on further investigation, 
this proved not to be the case, for the actjon was found to be 
unaffected by the administration ef atropin, whereas the depressant 
action of cholin is prevented by atropin’. (See Fig. 6.) We con- 
clude, therefore, that the depressor action of cholin is exerted through 
the cardio-inhibitory mechanism, whereas that of pituitary extract is 
a peripheral action upon the musculature of the vascular system. 

Since the infundibular part of the pituitary is to a large extent 
composed of grey nervous matter, it has been a natural subject of 
enquiry whether extracts of nervous substance (e.g. brain) would pro- 
duce any distinct physiological effects. Subcutaneous injection of very 
large doses of brain extract produced no appreciable effect upon 5. 
dog’. Howell found no specific action as a result of intravenous 
injection of brain extracts. We have made several experiments in 
this direction, but cannot yet come to a positive conclusion as to 
the action of these extracts. A striking result in some of our 
experiments has been the causation of very extensive irregularities 
in the blood-pressure curve, but in other cases no effect whatever 
has been manifested. 

We feel justified, then, in concluding that there are specific active 
substances present in the infundibular part of the pituitary body 
which do not occur in ordinary nervous matter, nor in other tissues 
and organs. | 


SUMMARY. 


1. Extracts of the pituitary body, when intravenously injected, 
have a marked effect upon the blood-pressure, producing, according 
to the nature of the extract, either a marked rise or a marked fall. 
The pituitary body contains, therefore, two active substances, one 
pressor and the other depressor. Of these the pressor substance is 
soluble in salt solution and insoluble in absolute alcohol and ether: 
the depressor substance is soluble in salt solution, in absolute alcohol, 
and in ether. The active substances are not destroyed by boiling, 
and are dialysable. 


1 Op. Mottand Halliburton. Proc. Roy. Soc. 1899. These authors state that after 
the administration of atropin the effect produced by cholin is a rise of blood-pressure, 
but they used much larger doses of cholin solution 
of cholin hydrochlorate). 

2 Swale Vincent. This Journal, XXII. p. 270. 1898. 
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2. The pressor substance produces its action both upon the heart 
and upon the peripheral arteries (confirmatory of Oliver and Schäfer). 
The action of the pressor substance is a prolonged one (confirmatory 
of Oliver and Schäfer), and during the period of its action a second 
dose is inactive or nearly so (confirmatory of Howell). The action 
of the depressor substance is evanescent and can be repeated at short 
intervals. 

3. The pressor effect of the extract may be accompanied by 
cardiac slowing. This is probably in large part incidental to the 
contraction of arterioles and rise of aortic pressure, but is in part 
due to direct action upon the peripheral cardiac mechanism (con- 
firmatory of Oliver and Schäfer, Howell, and Cleghorn). 

4. The active substances are contained only in the infundibular, 
not in the hypophysial part of the pituitary body (confirmatory of 
Howell). 

5. Subcutaneous injection of the extracts in small mammals 
causes paralytic symptoms similar to those obtained by injecting 
suprarenal extracts. 

6. The characteristic effects produced by extracts of the infun- 
dibular body are probably not due to the grey nervous matter of which 
this is largely composed (confirmatory of Howell). 


PH. XXV. 
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FURTHER PROOFS OF THE ORIGIN OF URIC ACID 

FROM NUCLEIN-COMPOUNDS AND DERIVATIVES. 
By WILLIAM J. SMITH JEROME, MB. (Lond.), Lecturer 
in Medical Pharmacology and Materia Medica. 


(From the Pharmacological Department, Oæford.) 


Ir was perhaps scarcely to be expected that the modern theory of the 
origin of uric acid from nuclein alone would pass unchallenged; and 
objections have been recently advanced! which may be summarised 
thus: 

(1) That for substantial support the theory depends almost — 
on experiments with calf’s thymus. 

(2) That the results of feeding-experiments with e 
nuclein are contradictory and inconclusive. 

(3) That as nuclein resists digestion with pepsine-HCl, it cannot 
be expected to supply the uric acid which is excreted a few hours after 
a meal. 

(4) That the disproportion between the small amount of 3 
proteid in muscle and the relatively large increase of uric acid which 
follows a meal of flesh is not to be explained by the nuclein theory of 


the origin of uric acid. 


(5) That it is possible to get from thymus by artificial digestion 
with pepsine-HCl an extract, which, though it does not contain nuclein 
or nucleo-proteid, will increase the uric acid output when it is taken. 


1. Is thymus the only nuclein-containing food which distinctly 
increases the excretion of uric acid ? 

Omitting reference to work done previously by others and by myself 
in connection with this subject, and which is regarded by the authors 
of the paper referred to as not altogether convincing, I give the results 
of experiments made lately with soft herring-roe, pig’s pancreas, and 
Liebig’s extract of meat. The two first were substituted, on certain 


1 Hopkins and Hope. This Journal, XXII. p. 271. 1898. 


BF 4 
parm 
978 
* 
| 
= | 
M 
| | 
1 | 
ag 
5 
3 
4 
2 
1 
| 
a | | 
7 
2 
75 


ORIGIN OF URIC ACID. 99 


days, for beef or mutton, in what was in other respects a fixed diet, 
while 10 grs. of Liebig’s extract were taken instead of milk on March 20, 
and 40 grs. on March 21. Nucleo-proteid is known to occur in pig's 
pancreas, and protamin-nucleate in ae iat while I satisfied 
myself that the Liebig’s extract used by me contained a substance, from 
which alloxur-base could be split off by boiling with mineral acid. 


I.. 
Normal Period. 
Total 

Date 24 hours nitrogen P.O; Uric acid 

1899 0. o. grins. grms. grms. 

Feb. 21* 1255 10:92 2°14 554 

22* 1291 10°92 2°14 554 

23* 1570 10°43 2°04 480 

24* 1489 10°43 2°04 480 

25* 1490 12°33 1-90 590 

26* 1489 12-33 1°90 590 

27* 1680 11:99 2°08 484 

28* 1189 11:99 2°08 484 

March 1* 1651 12°53 2°26 548 

2* 1084 12°53 2°26 548 

3* 1423 11°38 2°14 484 

4* 818 11°38 2°14 484 

Soft-roe Period. 
March 5 817 11°55 2-20 0˙7400 
6 1114 10°65 2°44 10100 
7 1540 11-49 2°09 0°7537 
Normal Period. 

8 1554 10°85 1°64 0°4525 
1280 11˙49 178 0˙4280 
10* 1209 1149 178 0°4280 
ll’ 1592 10°60 1:96 0°4630 
12* 1091 10°60 1°96 0°4630 


1 A comparison of the normal periods of this table with those of Table 1 in an earlier 
number of this Journal (xxu. p. 146) illustrates well the influence of diet on the daily 
output of uric acid. The daily mean in the former is 0°4898 gr. and in the latter 
0°6845 gr., and there is a still greater differencé in the amounts of the total nitrogen, these 
being 11-07 grs. and 19°2grs. The difference was caused partly by diminished appetite, 
and partly by an intentional lessening of the nitrogenous and alloxur-containing part of 
the diet during the period of lessened excretion. 
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Date 24 hours nitrogen Pio, Uric acid 
1899 0. o. grms. grms. 
March 13 930 9-28 1:97 0°606 
14 1505 10°64 2°40 
15 1184 9-50 2-14 0˙612 
Normal Period. 
16 1052 9-91 201 0°446 
17 1217 10°51 2-24 0˙474 
18* 1165 10°50 2-08 0-462 


Liebig’s Extract Period. 
20 1311 10°83 2°18 0°550 


1585 1498 . 238 0-788 

22 1561 9-22 1-92 0-588 
Normal Period. 

23* 1301 9-52 0-448 

24* 1099 9-52 1°64 0-448 


* Urine of two days mixed together. 


Increase of uric acid in the case of each of the three substances is 
evident. Weiss has just published an account of a similar experiment 
with pancreas, which yielded the same result. 


2. Can pre-formed nuclein yield uric acid? 

The nuclein was supplied by E. Merck, one variety being that 
made from spleen by Horbaczewski’s formula, and the other from 
yeast. On the last two days the yeast nuclein was split by being boiled 
with dilute H, SO,, which was afterwards neutralized by potassium 
carbonate, | 

The figures appear to me to indicate a rise of uric acid, as a result 
of the nuclein taken. 


* Zeitsch F. physiol. Chem. xxvu. S. 216. 1899. 
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TABLE 2 
Normal Period 
ofurine Total Uric 
Date in 24hrs. nitrogen P., acid 
1899 0. o. grins. grms. 


March 23“ 1301 952 1°64 “448 
24“ 1099 952 1°64 448 


Nuclein Period 
25“ 1418 202 542 5 grs. Horbac. once. 
26* 1283 1090 202 542 8 „ twice. 


27* 1101 41135 770 yeast-nuclein twice. 
28* 945 1135 222 770 
FF 180 562 4 grs. split yeast-n. once. 

* Urine of two days taken together. 


3. Is it improbable that uric acid excreted soon after a meal is of 
“nuclein” origin, seeing that pre-formed nuclein resists digestion by 
pepsine-H Cl? 

If pre-formed nuclein were the only alloxur- containing substance 
from which uric acid could be expected to be formed, it might be 
doubted if the uric acid passed a few hours after a meal could he 
derived from this source; but nuclein-compounds and derivatives have 
also to be taken into consideration. It has not been proved that nuclein 
is the only alloxur-holding product of the pepsine-HCl digestion of 
nucleo-proteid ; while the possibility of the presence of non-conjugated 
alloxur-base in the undigested material must not be overlooked, for it 
has been conclusively established by Minkowski’ that one, at least, of 
these bases, viz, hypoxanthin, can yield uric acid in both dogs and men. 
It is necessary, therefore, to prove the absence of non-conjugated alloxur- 
base before an objection to the nuclein theory, based upon the resistance 
of pre-formed nuclein to pepsine-H Ol digestion, can have any value. 

Evidence relating to this point will be given under 5. 


4. Does the small proportion of nucleo-proteid in muscle show 

that the rise of uric acid after a meal of flesh cannot be of “nuclein” 
igin ? 

Long before Pekelharing’s* estimation of the nucleo-proteids of 


1 Archiv F. exp. Path. u. Phar. XII. 1898. 
1 Zeitech. f. physiol, Chem. xxu. 8. 247. 1896. 
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muscle, Kossel' had pointed out that the alloxur-bases in this tissue 
occur chiefly in the non-conjugated form. He found in fresh beef 
0:07 °/, of mixed alloxur-bases, viz. 0°005 / guanin, 0°053 % hypoxanthin, 
and 0°012°/, xanthin. If these bases are calculated as uric acid the 
percentage is 00841. In the two experiments by Hopkins and Hope 


in which the quantity of ingested uncooked beef is mentioned, viz. 


Exps. 1 and 4, the increase of uric acid after 250 grs. and 200 grs. 
beef was 0°1027 gr. and 0°073 gr. respectively. This corresponds 
60 a uric acid percentage of 0°041 and 0°0365; so that the absorption 
and oxidation of one half of the alloxur-bases present in the beef taken 
would more than account for the increase of uric acid observed. 


5. Does the theory under consideration require that a substance, 
which when ingested causes an increase of uric acid, shall contain 
nuclein or nucleo-proteid ? 

Hopkins and Hope“, having by the artificial digestion of thymus 
obtained a liquid which did not give the reactions of nucleic acid, 
nuclein, or nucleo-proteid, and which yet, when taken, increased the 
uric acid excretion, have, perhaps not unnaturally, seen in the fact an 
objection to the nuclein-theory of the origin of uric acid. If this 


theory be true, it might be expected d priori that it is something 


containing the alloxur-group which undergoes conversion into uric 
acid; and of the products of the splitting of nucleo-proteids, it is the 
alloxur-bases in which this group is present. As already stated, 
one of these bases has been incontestably proved to be capable of 
increasing the uric acid output. The body, therefore, to be sought 
for in the pepsine-HCl extract of thymus is not conjugated phosphoric 
acid, but alloxur-base. Is this present or not ? 


Exp. 1. 280 grms. of calf’s thymus, after being crushed in a mortar and 
mixed with 8 grms. pepsine B. P., were digested for 6 hours, at 38°—40°C., © 
with 800 cc. dil. HCl (0°4°/,). After filtration till the filtrate was clear, 
this was mixed with excess of (NH,OH) and again filtered. To the filtrate 
ammonio-nitrate of silver and NH,OH were added in excess, and the pre- 
cipitate, after being washed, was dissolved in hot nitric acid, of sp. gr. 1°l- 
The precipitate which formed on cooling was then decomposed by HCl; and 
the filtrate, after separation of the silver chloride, gave well-formed crystals 
on evaporation, and a red colour after digestion with zinc and dilute HCl, 
and the subsequent addition of KOH. 


1 Zeitsch. f. physiol, Chem. vin, S. 404. 1884. 
2 Loe. cit. 
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Exp. 2 was made with the same quantity of thymus, basic lead acetate 
being added to the filtrate obtained immediately after digestion, while the 
excess of lead was removed by H., and the excess of this by passing air 
through the liquid. The silver compound was decomposed by ammonium 
sulphide instead of by HC]. Alloxur-base was again found to be present. 

Exp. 3. With thymus, 0-4°/, HCl and pepsine from a fresh pig’s stomach 
also yielded alloxur-base. 

Exp. 4. 70 grms. crushed thymus were boiled for one hour with 250 c. c. 
dil. HCI (1°/,) and the filtrate was treated as in the other experiments. 
The yield of alloxur-base was proportionally much larger. On the other 
hand crushed thymus boiled for two hours with distilled water yielded no 
free alloxur-base to this. : 

A control experiment with pepsine and 0:4°/, HCl in the absence of 
thymus gave a negative result as to alloxur-base. 


Alloxur-base was always found in the extracts from thymus after 
digestion with pepsine-HC! in the manner described, and it was always 
present, in part at least, in the non-conjugated state. My experiments 
convinced me, however, that conjugated alloxur-base may also pass into 
solution during the digestion; for on dividing the filtrate obtained 
after digestion into two equal parts, and estimating the alloxur-base 
in one immediately, and in the other after increasing the (HCI) to 
1°/, and boiling for an hour, the yield of alloxur-base may be distinetly 
larger in the latter. Further experiments connected with the subject 
are in progress. 

Minkowski's! very interesting experiments with pre-formed adenin 
given to dogs show that this base does not in this form raise the uric 
acid output in them; and adenin is the principal alloxur-base which 
occurs in thymus. I hesitate to draw an inference from an experiment 
extending over two days only, but the figures relating to March 29th 
and 30th, when split yeast-nuclein was taken, at least suggest an 
increase of uric acid: from the liberated base. It is to be regretted 
that the experiment ends abruptly, but as yeast-nuclein yields adenin 
when split, and as Minkowski found adenin to be very poisonous to 
dogs, I hesitated to take more of it, especially in the presence of a 
symptom which, though perhaps happening only coincidently, I felt it 
prudent to regard as a signal of danger. | 

The phosphoric acid was determined by uranium-nitrate solution in 
the manner recommended by Huppert“; the nitrogen by Kjeldahl’s 

Loc. eit. 
Neubauer and Vogel. Analyse des Harns, p. 733. Wiesbaden, 1898. 
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process; and the uric acid by the Ludwig-Salkowski’s process, 
though Hopkins’s method gives results equally accurate, and is in 


some preferable. 


SUMMARY. 

Ingestion of pig’s pancreas, herring’s roe, or Liebig’s extract in- 
creases the excretion of uric acid. The evidence of the origin of the 
latter from nucleins does not therefore depend upon thymus feeding 
alone. | 

Any disproportion between the excretion of uric acid after flesh diet 
and the amount of nucleins contained in muscle is probably to be ex- 
plained by the presence in such diet of alloxur-bases (and especially of 
hypoxanthin) in sufficient quantity to account for the rise produced. 

The presence of alloxur-bases in flesh diet probably accounts for the 
early rise in uric acid after a meal, and will also account for the increase 
found when pepsine-HCl (nuclein free) extracts of thymus gland are 
taken. | 

Fresh experiments are given showing a rise of uric acid after — 
pure nucleins. 

While therefore there is convincing evidence that uric acid may be 
formed from nucleo-proteid, nuclein and one variety, at least, of alloxur- 
base, there is at present no proof that it can arise in man independently 
of a substance containing an alloxur (Kossel) or purin (Fischer) group. 
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THE METABOLISM OF THE NUCLEINS'. By T. H. 
MILROY, MD. BSc, anp J. MALCOLM, MD. 


Part II. Further observations on excretion in leucocythæmia. ; 
Intracellular metabolism in the granular leucocytes. 
Plate I. 


(From the Physiological Laboratory, Edinburgh University.) 


CONTENTS. 
Further observations on excretion in leuoocythemia. 

Nature of the oxyphil granules in leucocytes. 

Action of On granular cells in blood and bone-marrow of rabbits and 

of guinea-pigs. 

Action of decomposition products of nucleic acid, viz. thymic acid, adenin, guanin 

and cytosin, on the same cells. 

Action of metaphosphoric acid. 

Conclusions, 

In our former paper we dealt most largely with the metabolism of the 
nucleins, nucleic acid, and metaphosphoric acid under physiological 
conditions when these substances were introduced from without, and 
only secondarily with the metabolism of nucleins derived from the 
tissues of the body under the action of those pathological conditions 
which one would expect to effect an alteration in the chemical changes 
which these substances normally undergo in the organism. 

We do not require to recapitulate our results except in so far as a 
reference to them may be absolutely necessary in order to more clearly 
understand our later work. 

Attention was drawn by us to the remarkably low P.O, excretion 
in medullary leucocythemia when the number of leucocytes in the 
circulating blood was, on an average, 330,000 per cub. mm., and the 
possibility of the former being due to a diminished breaking down of 
leucocytes was discussed. 

1 A very large part of the work described in this paper was done by Dr Malcolm and 
presented by him for the M.D. FWF thesis, for 


which he was awarded a gold medal. 
* This Journal, XXIII. p. 282. 1898. 
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With regard to Moraczewski’s experiments and White and 
Hopkins’ remarks on them’, it would be as well to consider what is 
exactly implied in the term “retention of phosphorus.” The only 
feasible proposition is that the phosphorus is retained as an organic 
compound in certain cells of the body after having undergone some 
anabolic changes. 

If this be granted, it will be seen that it comes practically to the 


same thing as “diminished leucolysis.” For the term “leucolysis” 


might be used to signify not only the disintegration of the cell on 
death, but also the constant katabolism taking place during life, the 
sole difference being that “retention of phosphorus” might occur in 
any cell of the body, whereas “diminished leucolysis” refers it to one 
type and that type the one specially affected in leucocythæmia. 

We had, of course, noticed that, while our first leucocythemic 
patient was getting about 3 grms. P.O, wes de in his food, the excretion 
in the urine hardly amounted to 1 grm.*, and unless absorption had 
been seriously at fault there was bound to be some retention; but that 
does not in the least detract from the importance of the great contrast 
which was pointed out between leucocythemia and experimental 
leucocytosis. 


FURTHER OBSERVATIONS ON EXCRETION IN LEUCOCYTH2EMIA. 
In order to gain further information as to the relationship between 


the number and nature of leucocytes in the circulating blood and the 


phosphorus metabolism, we were very anxious to examine a case of 
lymphatic leucocythemia in the same way in which we investigated 
the medullary form. It chanced that there was a very marked case in 
our infirmary which we were kindly allowed to examine. The average 
number of leucocytes was about 280,000 per c.mm. and about 92 p.c. 
of these were lymphocytes. The patient was kept on the same fixed 
diet that was given in the case of medullary leucocythemia. As will 
be seen from Table I. the diminution in P,O, was very distinct, and 
there was also a marked alteration in the ratio of P,O, to N from that 
1 This Journal, xx1v. p. 42. 1899. 

* The error that occurs in the table of average ratios on page 234 alluded to in 
a footnote by Hale White and Hopkins unfortunately escaped our attention. It 
was due to the fact that the ratio was first calculated out for P and not as P,O,, and the 
correction had been omitted in the table although correct in the text. With regard to 
the question of diet, the patients in the cases of medullary leucocythwmia and plumbism 
were kept on a similar fixed diet, each article being weighed out at the time, and the 
amount of P,O, in this fixed diet was approximately 3 grammes. 
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occurring normally, the change being in the same direction as in the 
medullary case. 

The daily average taken from ten observations was 1°17 grm., thus 
giving a ratio of 1 P, O, to 87 N, whereas the normal average is 1 to 
4˙5 or 5. 

The excretion of uric acid and nuclein bases was slightly higher 
than that which we found in a healthy person, but the difference was 
so small as to be without significance. 

The amount of nitrogen excreted was fairly constant, although 
slightly subnormal. These fucts go to support the view that the 
amount of the alloxur bodies excreted has no direct connection with 
the number of leucocytes in the blood. It is impossible at present to 
be certain as to the reason for the fall in P,O,. It occurs not only 
when there is a passage into the blood of the granular leucocytes but 
also in lymphatic leucocythemia where it is the non-granular 
lymphocytes that are increased in number. 

In both cases there seems to be either a diminution in leucolysis 
or in. the intracellular metabolism in the white cells, more phosphorus 
being taken up than given off by these cells. We had not seen von 
Moraczewski’s work at the time of publication of our first part. 
The interesting point brought out by him, that there is both N 
and P retention in leucocythemia, requires further examination. 
The view that the diminished excretion of phosphorus is due to its 
retention in order to provide for the nuclein of the newly-formed 
corpuscles is entirely hypothetical. 


Taste I. Urine in lymphatic onan (Dixon). 
N, of 
Quantity Total N, P.O, N, of aide Leucocytes 


Date in e. o. grms. grms. uric acid bases per e. mm. 
Feb. 9 1047 90205 982 138 010 

10 1065 9-405 1535 133 006 

11 1180 10976 977 157 007 238,000 


13 892 9-291 1-189 188 005 
14 1220 10°726 886 ‘141 008 


15 1270 10˙596 569 ‘241 009 

17 1050 9.584 1-141 109 010 320,000 

18 1079 10-211 1294 080 008 

19 1108 10-796 1°426 ‘011 

21 1325 12˙020 1705 247 017 300,000 
Averages 10˙281 1170 159 009 
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We had also the opportunity of examining a very peculiar case of 
medullary leucocythemia where the number of leucocytes in the blood 
was undergoing marked diminution during the course of the investiga- 
tion. Here the absolute excretion of phosphorus was, comparatively 
speaking, high, although its proportion to N was rather lower than 
normal, We imagined at first that this might be accounted for by 
the fact that the gradual diminution in the number of leucocytes was 
not due to a slow decrease in their formation but rather to an increased 


destruction leading to a rise in the P, O, excretion. 


The whole condition was, however, different from that in other 
cases examined, especially as to the rapid fall in the number of 
leucocytes (although these still preserved the typical characters of 
the blood in medullary leucocythewmia) and the comparatively large 


excretion of N. One would have expected a higher excretion of 
P. O,, or rather a more variable excretion of phosphorus, during the 


course of the disease than really occurred if it had been simply a case 
of variations in the amount of destruction. Both the uric acid and 
the alloxuric bases underwent marked variations from day to day. 

It might be explained on Ehrlich's theory of leucocythemia being 
a form of active leucocytosis due to the action of some body circulating 
in the blood and acting as a positive chemotactic agent on the 


myelocytes and fully formed polymorphonuclear leucocytes in the 


marrow. 

Starting with this assumption, one might imagine that in this case 
there was a gradual decrease in the amount or activity of this body 
leading to a diminished withdrawal of the myelocytes into the blood. 

Under such conditions the metabolism in these cells might tend to 
return more towards the normal than in a case of medullary leuco- 
cythemia, where the number and characters of the white cells in the 
blood are maintained with little change throughout the whole course 
of the disease. | 

Under the latter conditions when the myelocytes are in excess, a 


diminished intracellular metabolism is by no means unlikely, and that 


would affect the P,O, excretion tending to diminish it, and might 
increase the alloxuric nitrogen at the expense of the ordinary 
nitrogenous end-product—urea. 

In this connection it is of interest to note the low P,O, excretion in 
that form of leucocythemia where one has to deal with an increase in 
number of the non-granular lymphocytes, cells which one would 
imagine had a slow intracellular metabolism. 
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The absence of amceboid movement in these cells would lead one 
to expect less definite intracellular changes than in the polymorpho- 
nuclear. As it is doubtful whether the mononucleated myelocytes 
are amoœboid, the same may hold good with regard to their intra- 
cellular metabolism. 


TaRLR II. Orine in medullary leucocythemia (Hunter). 


Quantity Total N, P,O, N, of — 5 Leucocytes 
Date in o. o. grms. grms. uric acid bases 
Oct. 11 1389 15˙634 3˙565 0-272 0˙044 60,000 
12 1657 20°878 3468 . 
13 1535 19-083 3-397 07190 0013 
14 1542 18824 3-578 0193 0016 
15 36,000 
22 13531 21262 3878 0-238 0025 
23 1217 16˙691 2˙949 0˙164 0011 
24 1394 18.501 3-079 0-250 0-019 
25 1451 18-445 2-837 0-161 0-016 2,000 
Averages 18664 30-344 0-226. 0-021 


INTRACELLULAR METABOLISM IN THE GRANULAR een 


In our first article it was pointed out that with the increase in the 
number of the leucocytes after the action either of the nucleins or of 
nucleic acid itself, there was a remarkable increase in the P,O, excre- 
tion both absolute and relative, this rising to a far greater height than 
could possibly be accounted for from the amount of phosphorus taken 
in the form of the organic compounds above referred to. When one 
remembers also that all the phosphorus of the nucleic acid was not 
absorbed, one is forced to the conclusion that there must be some 
intracellular change that has resulted in this increase. That the 
leucocytosis is not simply one due to an altered distribution of the cells 
and nothing more, is apparent then from what has just been said. 

The question comes to be from what source is this increased 
excretion of P,O, derived? One is naturally led to imagine that 
between the leucocytosis and the altered phosphorus metabolism there 
must be some connection. In the first place the increase in P,O, 
accompanies the leucocytosis, and in the second place an agent, even 
when so closely allied to nucleic acid as metaphosphoric acid, neither 
influences the number of leucocytes in the blood nor does it affect 5 
phosphorus metabolism. 
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In this way we were led to an examination of the granular leuco- 
cytes in the blood and marrow, seeing that the leucocytosis after 
nucleic acid is due to an increase in these cells. The two most import- 
ant theories as to the nature of such a leucocytosis are those of 
Léwit' and Goldscheider and Jacob“. Löwit believed that pre- 
ceding the increase in the white cells there was a diminution, and 
the former he regarded as the result of the latter, the decomposition 
products of the broken down leucocytes producing the subsequent 
leucocytosis. Goldscheider and Jacob held that the preliminary 
hypoleucocytosis was due simply to a withdrawal of leucocytes from 
the general systemic circulation and their accumulation in the 
pulmonary capillaries. Muir in his work. on leucocytosis agreed 
with the latter view. There has, however, been no absolute proof 
brought forward that Löwit was incorrect in his views and that 
leucocytosis simply consisted in the first place in an altered distri- 
bution of the leucocytes in the blood; and, secondly, of a withdrawal 
of the fully-formed ones from the bone-marrow. Under certain 
conditions the eosinophil cells may be increased or decreased, an 
increase occurring after a preceding diminution or even disappearance 
as in the post-febrile stage of infectious diseases. Their reappearance 
signifies that the infection has passed its height. 


NATURE OF THE OXYPHIL GRANULES IN LEUCOOCYTES. 


Up to the present most stress has been laid simply on the 
occurrence of the different types of granular cells in the blood and 
their alterations in number after different substances have been 
injected, while comparatively little attention has been paid to 
alterations in the characters of the cells per se after the action of 
definite chemical bodies. There has been in fact a tendency to 
look at the subject of leucocytosis either from the purely metabolic 
(Horbaczewski, etc.) or purely histological side (Goldscheider and 
Jacob, Löwit, etc.), and only rarely have attempts been made to 
combine the two. As we had already studied the altered meta- 
bolism after feeding with nucleins, nucleic acid and metaphosphoric 
acid, we found it advisable to investigate a little more closely the 
changes which the absorbed products gave rise to and so endeavour to 
find out the seat of the increased phosphorus metabolism. As we have 


1 gitæungober. d. k. Akad. d. Wiss. au Wien 92, 1885, and 95, 1887. 
2 Zeit. f. klin, Med. 25, p. 878. 
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already mentioned our attention was especially directed to the granular 
leucocytes and their forerunners as the possible seats of alteration. 
For this purpose we had recourse to experiments on animals, and as it 
was difficult at first to know what animal would be most suitable, we 
had to examine the normal blood and marrow of a large number, e.g. 
rabbit, guinea-pig, horse, dog, mouse and bird, with regard to the 
characters of the granules in the cells. Most of our work was, how- 
ever, done on the two first-mentioned animals, and in this paper we 
shall particularly refer to them alone and shall later on describe the 
work on birds. 


guinea-pigs and rabbits. 


There are two distinct varieties in rabbits, the finely granular am- 
phophil and the coarsely granular cells. The granules in the former are 
certainly not so oxyphil as those of the coarsely granular ones, and 
they may take up either a basic or an acid dye. They are also, as 
their name implies, smaller than the coarse granules and more highly 
refractive. In the majority of cases the nucleus of the finely granular 
cell is richer in chromatin than that of the coarsely granular. one. 
As pointed out by Ehrlich and Schwarze, and more recently by 
Kanthack and Hardy, the medium in which the dye is dissolved 
has an effect upon the staining power of the latter. Their reaction 
may also be affected by the fixative; thus heat undoubtedly raises. 
the oxyphil tendency. Opinions as to the nature of these oxyphil 
granules have chiefly been expressed with regard to the coarse 
variety and have been mostly founded on staining affinities. The 
granules are usually taken to be proteid in nature. 

‘Sherrington’s suggestion! that they might be of nucleo-proteid 
nature was based on insufficient evidence, viz. the Lilienfeld- Monti 
reaction. 

Reactions employed to detec special elements in the cell are very 
apt to lead one astray; as it is impossible to compare the stability of 
the constituents of a cell with the same bodies after having been 
extracted from the tissues. So also with digestion, the effects pro- 
duced on constituents of the cell are absolutely different from those 
observed when the same constituents have been separated from the 
cell and then treated with gastric juice. We thought it better to 
ie I Sherrington. Proc. Roy. Soc. Lv. p. 190. 1894. 
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examine the granular cells by a simpler method, namely the action 
of different solvents on the granules. Marrow films of the guinea- 
pig were taken because they contained myelocytes with very well- 
marked fine and coarse oxyphil granules. These were fixed by heat 
(115°—120° C. for one hour) in order to avoid the complicating effects 
produced by chemical fixatives, and were then subjected to the action 
of one of the reagents mentioned later. 

In trying the effect of any reagent at boiling point, it was of course 
important to prevent concentration of the solution by evaporation. 
Hence the films were placed in a glass specimen tube or small beaker 
to which there was fitted an upright water condenser. The tube or 
beaker was partially immersed in boiling water, kept there for 
half-an-hour, and then the film was removed, washed and brought back 
to its original condition as far as possible. 

I. Action of alcohol. Neutral absolute alcohol, kept at boiling 


| point, was allowed to act for about ten minutes, fresh alcohol being 


then substituted and changed for the third time after ten minutes’ 
action. When the film had been exposed to alcohol for half-an- 
hour, it was taken out and allowed to dry in the air. It was then 
placed, face downwards, in a weak eosin solution (25% in 10% 
alcohol) for 24 hours, washed and then stained for one minute in 
Hansen’s hematoxylin, washed, dried in the air and mounted in 
balsam. 

Neither the fine nor coarse oxyphil granules were dissolved, but the 
coarse ones were hardly so distinct as usual. The nuclei of the 
erythroblasts were seen to be dotted over with areas stained with eosin, 
probably due to the cytoplasm shining through vacuoles in the nuclei. 
Probably these vacuoles were due to the removal of lecithin. _ 

II. Action of ether. Pure sulphuric ether was used at its boiling 
point in the same way. The effects were practically the same as with 
pure alcohol—neither furm of granule was dissolved, but the coarse 
ones were apparently altered in their refractive power. 

III. Action of alcohol and ether successively. In this case also the 
granules were left practically unaltered. The fact that neither alcohol 
nor ether dissolves the granules excludes the possibility that they con- 


sist of fat or lecithin, and, as their staining properties were not altered 


nor their size diminished, it is highly improbable that either fat or 
lecithin enters into the composition of the granules. 

IV. Action of weak alkaline solutions. Before. speaking of the 
action of alkaline or acid solutions, it is necessary to refer to the 
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effect of different degrees of heat fixation and the mode of application 
of the heat on the chemical nature of the substance in the granule. 

When the temperature is slowly raised during the fixation of 
the films, there is a tendency for the formation of insoluble coagu- 
lated proteids, while, if they are exposed from the outset to a 
temperature of about 120°C., the water is so rapidly removed as to 
prevent a true coagulation. One would expect to find the granules 
more soluble in the latter case than in the former, and this was 
found to be the case. The films were therefore fixed at 115°—120°C. 
from the outset. 

The alkaline solutions were used in various ways, viz., as solutions 
in alcohol of varying water percentage used at boiling point and 
especially as watery solutions at room temperature. 

(a) A boiling solution of 07 °/, sodium hydrate in 90% alcohol 
was allowed to act on marrow films for half-an-hour. The film was 
then washed thoroughly in alcohol, water, acidified water, water, 
alcohol, and then dried in the air and stained with eosin and hema- 
toxylin as above described. 

The action on the granular cells was a marked one, many showing 
brilliantly stained coarse granules, while others presented unstained 
areas of about the same size, these latter probably corresponding to 

the coarsely granular basophil cells met with in the guinea-pig marrow. 
The granules were almost entirely removed from the finely granular 
oxyphil cells. In some cases the films seemed much corroded by 
the action of the reagent; but the most striking feature was the 
persistence of two structures, the nuclei and the coarse oxyphil granules. 

(b) The films were placed face downwards on 4—1 °/, solutions of 
sodium carbonate for periods varying from one to sixteen hours, then 
carefully washed as above described. : 

Here also the fine oxyphil granules were almost entirely removed, 

whilst the coarse oxyphil ones were left and stained much more 
brightly than the few remaining finely granular ones. 
The application of the same methods to the marrow films of 
other animals gave the same results. In rabbits, however, both 
forms of oxyphil granules were almost entirely removed, the nuclei 
were vacuolated and the groundwork of the cell presented fine 
- vacuoles set in a pink matrix. 

V. Action F acids. (a) Acetic acid was used in alcoholic 
solution (0°4°/,—1°/, in 95% alcohol). The marrow films were exposed 

for half-an-hour to the action of this solution kept at boiling point, 
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fresh fluid being added once or twice. The films were then washed in 
water, alkaline water, water, alcohol, and then dried me e as 
before. 

Here there was a partial removal of both forms of granules, 8 
left being swollen and staining diffusely, while some cells presented 
unstained areas (vacuoles) corresponding in size and position to the 
coarse and the fine oxyphil granules. The granules in the hemal | 
leucocytes were affected in much the same way but they seemed to 
be slightly more resistant. 

(6) Oxalio acid was used in two strengths. ts the first place, 
0˙4% in 70% alcohol, and, secondly, 14% watery solution. The 
former solution was allowed to act for half-an-hour and then treated as 
usual. There was again a partial removal of both forms of granules, 
vacuoles being seen corresponding to the dissolved granules. Many 
cells contained these vacuoles interspersed among the oxyphil granules. 
The nuclear matter was well stained. : 

After the films had been exposed for one hour to the action of the 
watery oxalic solution at 37°C., both types of granules were removed, 
but many of the larger vacuoles, corresponding to the coarse oxyphil 
granules, contained star-shaped remnants, the colour reaction of which 
was difficult to make out. The nuclear matter was very ae and 
well stained but vacuolated. * —— 

In rabbits the amphophil granules were completely Ee While 
a few of the coarsely granular oxyphil cells contained pink-stained 
granules, others being vacuolated. 

In cases where the marrow had been affected by nucleic acid 
injection (see later), the acid solutions did not remove the coarse 
oxyphil granules but left them stained of a purplish tint. 

VI. Action of sodium ethylate. A 1% alcoholic solution of this 
was employed to get the combined effect of alcohol and alkali, and 
it was hoped that the action would be a more differential one than the 
watery alkaline. solutions. The results, however, were practically the 
same, the coarse oxyphil granules being but little affected, while the 
fine ones were mostly removed. 

The possibility of both types of granules consisting of the same 
kind of organic matter either differently bound or with inorganic salts 
attached in such a way as to alter the solubilities is certainly a strong 
one. That it is not simply albumin or globulin appears evident. from 
the comparatively insoluble character of both types of granules but 
especially the coarse oxyphil ones. Again, the fact that the fine. 
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granules are not only oxyphil but also basophil, supports the view 
that they are composed of a complex proteid substance which may 
either fix an acid or a basic dye, such as a loosely-bound nucleo- 
proteid, where either the nuclein (or paranuclein) may take up a basic 
stain, such as methylene blue, or the albumin an acid one, such as 
eosin. 

The fact that weak acid solutions dissolve both types of granules 
at least partially is not against the view that they are nucleo-proteid 


in nature, because these bodies are more easily soluble in weak acid 
solutions than almost any other complex ane: The fact that some 


granules are undissolved, while others are re d; is probably due to 
the fact that the former have undergone iittala, while the latter 
have been rapidly fixed, although it may be also due to the nature 
of the salts which are combined with the proteid. 


One can understand that the coarse granules are more N die- | 


solved than the fine granules, because, in the first place; they are larger, 
and, secondly, most likely contain proteid more firmly bound to nuclein, 
so that the molecule reacts as a whole towards basic and acid stains, 
unlike the finely granular. It is the acid stain that this stable 


molecule fixes owing to the relative preponderance of proteid over 


nuclein. A point in favour of the coarse ‘oxyphil granules being 


composed of nucleo-proteid lies in the fact that they seem to have an 


intimate connection with the nucleus’. It is of course extremely 
difficult in the case of granular leucocytes to differentiate phases in 
secretion when the process runs no such definite course as, for example, 


is the case with the oxyntic cells in the newt’s stomach. We shall see, 


however, that in conditions when the cell becomes deprived of its 
granules, the nucleus seems also to lose part of its chromatin, and 
before the granules can again be formed the chromatin requires again 
to be built up. There are, of course, instances in numerous other cells 
of a nuclear cytoplastic interchange where the secreted substance 
appears to be nucleo-proteid in nature. Seeing, then, that in all 
probability the granules in the oxyphil myelocytes are nucleo-proteid 
and seem to be intimately connected with intracellular metabolism, 
it was not too much to expect that such an agent as nucleic acid 
might affect them in some characteristic way and allow one to give 
some explanation of the rise in P,O, excretion after spon cubed 


1 Op. Knoll. Ueber die ee dei wechselwarmen Wirbeltieren u. Wirbello- 


sen, Wien, 1893 and 1896. 
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ACTION OF NUCLEIC ACID ON THE GRANULAR CELLS IN THE BLOOD 
AND BONE-MARROW. 


The experiments were performed on guinea-pigs and rabbits. The 
points that were specially attended to were the following: 

1. Distribution of the granular leucocytes in the systemic ciroula- | 
tion, marrow and pulmonary capillaries. 

2. Number of granules per cell. 

3. Staining reactions of the granules. 

4. Staining affinities of nucleus. 

The nucleic acid that was injected in the 1 of cases was 
prepared by one of us, but in a few control experiments we used a 
preparation obtained from Professor Kossel’s laboratory, for which we 
here offer our sincere thanks. The nucleic acid was prepared from 
thymus gland, and contained about 9°98—10°/, phosphorus and was 
free from barium. 

We also injected in a few cases nucleic acid obtained from yeast 
and found that it had almost the same action on the marrow cells as 
the thymus nucleic acid. The acid was injected in weakly alkaline 
solution as the sodium salt, every precaution being adopted to 
prevent septic infection. The fluid was warmed to 40°C. but no 
higher, as otherwise there might have been some decomposition to 
thymic acid. In counting the number of leucocytes in the rabbit, 
the blood was taken from the central vein on the posterior aspect 
of the ear, the part having been previously shaved and cleaned, 
while in guinea-pigs it was taken from the pad of the foot. Blood 
films were taken on No, 1 cover-glasses which had been thoroughly 
cleaned. The cover-glasses were kept in absolute alcohol and dried 
over Bunsen flame before use. Marrow films were also taken by 
touching the marrow with a cover-glass about eight or nine times, the 
marrow being taken from the femur as low down in each case as 
possible, 

Specimens of the marrow and lungs were fixed fn corrosive sub- 
limate and imbedded in paraffin, Films of marrow were also taken 
and fixed along with the blood films by the following methods: (1) 
Formalin vapour, (2) Heat at 120°C. (a) for 10 minutes and (5) 
for 2 hours, (3) HgCl, (sat. sol. in normal saline), (4) Alcohol and 
ether (equal parts) for 4 hour. For our purposes the first, second, and 
fourth methods were best, and of these the formalin gave as a rule 
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the best results. The film was placed on a piece of cardboard per- 
forated by a suitable hole and then put over a small flat glass dish 
containing ordinary 40°/, formalin and allowed to remain there for two 
to three minutes. 

The first series of experiments, which will be described, was done 
on a litter of young rabbits, all about the same size. 

Rabbit I was used as a control. The white corpuscles were found 
to average 5,400 per c.mm., the reds 4,500,000. 

Marrow films (Pl. I., Fig. 1). The stains we employed ‘lite were— 
Chenzinsky’s solution, which was allowed to act for 12 hours at 40° C. 
in a closed vessel, Ebrlich’s triacid mixture, Stéhr’s eosin and hema- 
toxylin. The colours mentioned later refer in all the experiments to 
films stained with the eosin and methylene blue mixture. 

The amphophil cells were seen to be much more numerous than 
any other form. Their contour was, as a rule, well defined, although 
occasionally a cell might be seen with ill-defined margin and scattered 
granules. The nuclei showed all changes in shape from a perfect oval 
to an indented, convoluted form and were stained fairly deeply with 
basic dyes. The cell groundwork in which the granules were placed 
was stained slightly pink in eosin mixtures, and in the nuclear matter 
pink spots could be seen which were probably cytoplastic. The 
granules were reddish-purple in tint, highly refractive and so numerous 
that the cell appeared completely filled with them. 

Coarsely granular oxyphil cells varied in size from about the size of 
a large erythroblast to that of the largest amphophil myelocytes, The 
shape of the nucleus was never so easily made out as in the finely 
granular cells, although it stained as a rule fairly deeply. It also 
showed indentation and might be convoluted, but not to the same 
extent as in the finely granular cells. The granules were of a dull red 
tint and nearly always closely packed together. Occasionally, though 
rarely, a granule might be seen stained with the basic dye, while the 
majority were purely oxyphil. These cells were fairly numerous, but it 
was difficult in marrow films to make out the exact numbers. One 
might reckon, however, at least seven of the coarse oxyphil to one 
hundred of the amphophil myelocytes. The granules of the purest 
red tint were present in cells in which the nucleus was almost invisible. 

Basophil granular cells of the two types were present, but in 
smaller numbers than the two varieties just described. There were 
very few coarsely granular cells of this type. 

In films stained with methylene blue alone, the coarse oxyphil cells 
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were seen with unstained areas corresponding to the granules, while 
the amphophil granules in the other oxyphil cells were stained violet. 
The nuclei of the latter were seen to be more deeply stained than 
those of the former, while transition changes could easily be made 
out from the myelocytes with round or oval nuclei and very few 
granules to those with indented nuclei and numerous fine granules. 


During this transition the nucleus seemed to increase in basophil 


tendency. If, after staining with methylene blue, one stained with 
eosin half a minute, then the granules which previously were stained 


with the methylene blue still retained it, while the “ vacuolated” 


cells stood out as coarse oxyphil ones. Orange G. in saturated 
watery solution stained the amphophil granules a deep orange tint, 
while the coarse ones appeared faintly yellow. After staining with 
fuchsin the difference in staining affinity between the two types was not 
so well marked as after orange G., but the fine oxyphil were more 
violet, the coarse more purple in tint. 

Blood (Fig. 2). The amphophil cells were compact and spherical and 
were filled with fine granules. In some cells the granules appeared to 


possess slight differences in tint. The coarse oxyphil were very much 


fewer in number, only about 1—2 % being present, and the numerous 
granules which they contained were more oxyphil than those of the 
finely granular cells. 

_ Marrow sections. The marrow was fixed in corrosive sublimate, 


imbedded in paraffin, and the sections (2—3 u) stained in the fluids 
mentioned above. 


The following description holds for the eosin and methylene blue 


specimens. 
Even with moderately high magnifications the granules of the 


coarse oxyphil cells were distinctly visible, although their nuclei 


could not be made out. Neither the granules in the amphophil 


nor basophil cells could be made out, although their nuclei were 
seen stained faintly blue, unlike the dense staining occurring in the 
erythroblast nuclei. There was no sign of congestion of the 
marrow. In any single field (mag. 1100) there were to be seen large 
numbers of amphophil cells containing numerous fine violet granules, 


while the nuclei were not deeply stained. A few coarsely granular 
oxyphil cells were also to be seen in the same space, the number 


varying from two up to six or seven, and in these the granules were 
closely packed together with the nucleus usually pressed towards one 
side. 
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Rabbit II. Here only one subcutaneous injection of nucleic acid 
(‘5 grm. in weakly alkaline solution) was given. The leucocytes were 
not examined specially as to their numbers, but were enumerated 
shortly before the animal was killed and found to be 4,000 per c.mm. 
The time elapsing between the injection and the death of the 
animal was eighteen hours in this case. 

Marrow films (Fig. 3). Amphophil cells occurred in all parts of the 
films: They were larger and looser in structure’ than normal, and there 
was a tendency for the granules to become scattered. 

Many of the cells possessed very few granules, which varied remark- 
ably in their colour reactions, many being violet, others pink, while in 
others unstained areas were found corresponding to the granules. 
These areas were often surrounded by a ring of substance more 
deeply stained than the general cytoplasm, as if the original granule 
were composed of a — and peripheral part as believed in Eby 
Ehrlich, 

The coarse see cells were diminished in number, but not 80 
markedly at tbis as at a later stage. The chromatin of their nuclei as 
well as that of the foregoing showed a distinct diminution in staining 
power, which was partly due to an increase in size * the nucleus 
as a whole in each case. 

The coarsely granular oxyphil cells were much looser in 1 
than normal, and tlie granules took on different colour reactions in 
single cells, the tendency being to a more basophil reaction. 

Blood (Fig. 4). Amphophil cells were larger than in the control, 
the average increase in diameter being about one-fifth. Their out- 
line was hazy, the nucleus pale and swollen as iu the marrow, and 
the number of granules per cell was also diminished. In reaction 
the granules showed marked alterations, some being more oxyphil, 
. Others more basophil than normal. In some cases the granules 

seemed to have entirely disappeared, leaving a homogeneous faint 
pink groundwork in which unstained areas, corresponding in size to 
the fine granules, occasionally occurred. Besides these there were 
amphophil cells present which were apparently unaltered. 

The coarsely granular oxyphil cells were so few in number that it 
was difficult to get specimens showing them, but when found they 

did not differ greatly from those of the control. : 

The marrow sections of this rabbit showed signs of congestion. 

The coarsely granular oxyphil cells did not seem to be diminished 

in number, but they had undergone enlargement and the granules in 
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them were more diffusely scattered than in the normal cells. — 0 
phil granules could not be made out in the myelocytes. 

Rabbit III. The following table embodies the chief points con- 
nected with the treatment of this rabbit. 


Date Hour Remarks 
Mar. 29 9.30 a. m. 5,500 Animal fed shortly before. 
15 10.45 „ — Iznjected 4 grm. nucleic acid. 
5.30 p.m. 6,100 
Mar. 30 10 a.m. 6,600 : 
” 1 p.m. — Injected -5 grm. nucleic acid. 
” 8 3,400 Hypoleucocytosis. 
Mar. 31 10 a.m. 5,600 | 
” 5 p.m. 7,600 Hyperleucocytosis. 
Apr. 1 II am. 6,800 Slight hyperleucocytosis probably. 
55 3.45 P- m. — Animal killed. 


The animal was killed fifty hours after the last injection. Marrow 
and blood films were taken and fixed as before. . 

Marrow films (Fig. 5). The granules were diffusely scattered in 
the cytoplasm of the amphophil cells, which appeared more distended 
and less compact than the normal finely granular myelocytes. The 
granules had also changed in reaction, so that now they took on more 
of the blue tint of those occurring in the basophil cells; but although 
the majority of the granules had a purely basophil reaction, there were 
a few present which had not entirely lost the oxyphil tendency, as shown 
by their violet tint. 

Many of the amphophil cells showed unstained areas which corre- 
sponded in position to the granules. The nuclei were very poor in 
chromatin. 

The coarsely granular oxyphil cells had almost completely disap- 
peared, and in those that remained the granules showed a tendency to 
take on the basic stain, while others in the same cell gave the ordinary 
oxyphil reaction. Vacuoles were also frequently to be seen in the cells. 


The nuclei of these cells were also poor in chromatin. 


The basophil cells were almost indistinguishable from the amphopbil. 
Cells exactly similar to the eee were seen without granules in 
the cytoplasm. 

Blood (Fig. 4). Films were teen from the animal’s ear just 
before death. Here the ordinary polymorphonuclear leucocytes pre- 
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sented a marked contrast to those of the control. The nuclei were 
pale and swollen and their outlines were less distinct than normal. 

The cytoplasm extended beyond the distribution of the granules, 
which were very much less numerous per cell than in the control, the 
whole structure of the cell being much looser than normal. The 
granules were in many cases distinctly basophil, though some remained 
oxyphil. ‘There were very few coarsely granular oxyphil cells present, 
and those which did remain contained both oxyphil and basophil 
granules (Fig. 4). 

The marrow sections showed a marked increase in the amount of 
parenchyma, diminution in number of fat cells and distinct congestion. 
The coarsely granular oxyphil cells were not nearly so numerous as in 
the control. With higher magnifications, the granular cells were seen 
to have lost in most cases their granules, and their nuclei had 8 N 
very poor in chromatin and swollen in appearance. 

These changes point to a profound alteration in the marrow of the 
same nature as “cloudy swelling,’ but whatever name be applied 
to it, it was evidently due to an exhaustion of the granular cells 
as shown by loss of chromatin and cell granules. The diminution in 
the coarsely granular oxyphil myelocytes might be due to an altered 
distribution, but there was distinct evidence of their altered character 
as seen from the loss of chromatin, and the tendency to a heen: sae 
reaction on the part of the granules. 

Kanthack and Hardy“ showed that eosinophil . accumulate in 
the connective tissue spaces where bacteria have been injected. We 
examined films of the areolar tissue from the places where nucleic acid 
had been injected, but could find no evidence of such an accumulation. 

Rabbit IV. In this case our aim was to procure marrow at a 
stage when the exhaustion of the cells produced by the nucleic acid 
would be passing off. The following table shows the treatment : 


No. of le | 

Date Hour per c.mm. of Remarks 
Mar. 29 10 a. m. 6,100 

„ 12 noon Injectéd 2 grm. nucleic acid. 

5-45 p.m. 4,500 Moderate hypoleucocy tosis. 

Mar. 30 11 Am. 5,100 

8 12 noon Injected “5 grm. nucleic acid. 

5.30 p.m. 3,700 Hypoleucocytosis. 


Bs 18 1 This Journal, loc. eit. 
PH. xxv. | 9 
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Date Hour blood Remarks 
Mar. 31 11.15 a. m. 6,600 Probably slight hyperleucocy- 
5 12.45 p. m. — Injected 5 grm. nucleic acid. 
3,200 Hypoleucocytosis. 
April 1 10 am 5,400 | | 
” 12 noon — Injected 5 grm. nucleic acid. 
April 2 1.30pm. 3,600 Hypoleucocy tosis. 
” 3 10 a.m. 6,000 
10 5,600 
” ” 2.30 p.m. — Animal killed. 


In this case the animal was killed 75 hours after the last injection, 
that is to say, 25 hours later than with rabbit III., and the amount 
injected, although spread over several days, was nearly double that 
injected into the latter. 

Marrow films (Fig. 6). The amphophil cells were very numerous 
and possessed nuclei which although faintly stained were undoubtedly 
richer in chromatin than those of rabbit III. The contour of the cells 
was much the same as that of the control rabbit’s myelocytes. The 
granules were distinctly more oxyphil than those of rabbit III.; a few, 
however, were still basophil (Fig. 6). The cells as a whole were well 
preserved, and bearing in mind the appearances seen in the marrow 


films of the other rabbits, they gave one the impression that they were 


past the exhaustion stage and were again becoming normal. 

The coarsely granular oxyphil were more numerous than in rabbit 
III., but less so than in the control animal, The granules had partially 
at least recovered their normal oxyphil reaction, though some remained 
basophil. All transition changes between the purely basophil and the 
purely oxyphil could be made out. The nuclei of these cells were poor 
in chromatin. % 

Blood. The granules in the amphophil cells were more numerous 
than in rabbit III., but less so than in the control, and the nuclei of 
these cells were poor in chromatin. 

There was a remarkable amount of variation in the tints of the 
granules in each cell, although the cells themselves seemed to have 
regained their normal size. 

Marrow sections. Congestion was even more marked than in rabbit 
III. The marrow, as a whole, had lost its tendency to stain diffusely, 
and had approached nearer to the appearance seen normally, but there 
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still remained a great increase in the parenchyma, with diminution of 
fat cells due to an increase in the cellular elements. The coarsely 
granular oxyphil cells were still greatly diminished in number. 

With high magnifications the marrow appeared more nearly normal 
as regards the character of its cellular elements, the cell outlines being 
better marked than in the case of rabbit III., and the nuclei more 
deeply stained. Granules which stained violet or pink could now be 
made out easily in the amphophil cells. | 

With reference to the changes in the lungs, in all the nucleic acid 
experiments, we found a distinct increase in the blood corpuscles in 
the pulmonary capillaries with a relative increase in the white cells, 
appearances similar to those described by Goldscheider and Jacob 
and Muir. 

Experiments on Guinea-pigs. These were carried out on about 
half-a-dozen animals, with a view to find out whether there were 
alterations in the characters of the granules in the granular cells of the 
blood and marrow. We thought that there might be changes in the 
solubilities of the oxyphil granules after nucleic acid; but although a 
long series of experiments was carried out on blood films taken at the 
stages of hypo- and hyperleucocytosis, no appreciable differences in 
that direction were to be observed. 

With regard to the action of nucleic acid on the reaction of the 
granules, we soon perceived that the instability as to the nature of the 
stain taken up by them was not produced to the same degree at least 
as in rabbits. A very short description then will suffice. The granular 
cells which occur in the normal guinea-pig blood include the following: 

Coarsely granular oxyphil cells are fairly numerous. They are 
small, compact and well-defined cells. 

Finely granular oxyphil cells are more numerous than the coarse 
ones. The granules are much more oxyphil than the corresponding 
ones in the rabbit. The nuclei of these cells are very much convoluted. 

Cells with granules which stain with nigrosin are present in fairly 
large numbers. They have already been described by Kurloff!. 

Cells with basophil granules are few in number. 

In the marrow the granular cells have much the same general 
structure as those in the blood. That is to say, there are coarsely and 
finely granular oxyphil myelocytes, also cells with granules staining with 
nigrosin, and others with granules staining with orange. 


1 Kurloff. Die Anaemie by Ehrlich and Lazarus. 
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The most important point is that the fine oxyphil granules in the 
cells in blood and marrow are much more oxyphil than the corre- 


sponding ones of the rabbit, and are in all probability firmer compounds 


between albumin and nuclein than the latter. 

We shall only refer, and that shortly, to two experiments on 
guinea-pigs with reference to the effect of nucleic acid on the bone- 
marrow. 

In one case we injected 3 grm. nucleic acid as a ahi salt, 
and killed the animal twenty hours later. The marrow was found to 
be very much congested, compared to that of control animals. The 
changes to be observed in the marrow films were as follows: 

The coarsely granular oxyphil cells appeared not so compact as 
normal, and evidently broke down easily. Their granules showed 
alterations in tint in single cells, but the change was never so marked 


as in the case of rabbits. Some of the granules in the cell were 


slightly basophil although most remained oxypbil. 

The granules in the finely granular oxyphil myelocytes showed the 
same slight tendency to take up the basic stain, while their nuclei were 
very poor in chromatin. 

In another guinea-pig, where also 3 grin. nucleic acid was injected, 
and the animal killed about 24 hours afterwards, the granules had 
undergone exceedingly little alteration, while the nuclei of the granular 
cells were distinctly enlarged. The coarsely granular oxyphil cells 
were not diminished in number. 

These negative results (compared to the experiments on rabbits) 
might be due to the fact. that we had not injected sufficient nucleic 
acid to produce the proper effects, or that the granules are more stable. 


ACTION OF NUCLEIC ACID AFTER DECOMPOSITION INTO THYMIC ACID, 
ADENIN, GUANIN AND CYTOSIN. 


We have already emphasised the peculiar changes which the granular 
leucocytes in the blood and bone-marrow of rabbits undergo after 
injections of nucleic acid. We were anxious to investigate in the next 
place the action of the organic phosphorus-holding acid—thymic acid— 
derived from nucleic acid, in order to find out whether it had a similar 


effect upon the cells. 


It was thought advisable to W first of all, the action of 
nucleic acid after it had been split up into thymic acid and the bases, 
in order to find whether the specific action on the granular cells 
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depended on nucleic acid as such, acting directly, or whether its 
constituents, when given in the same proportions as in the original 
acid, produced similar effects. The experiments were done on rabbits, 
The nucleic acid was broken down into its first decomposition 
products, by the method described by Kossél and Neumann’, viz., 
the action of a temperature of about 95°C. on a solution of nucleic 
acid, until all trace of the original acid had disappeared, and yet no 
orthophosphoric acid had formed. Three sets of experiments were 
performed with approximately the same quantities of thymic acid 
(injected as the sodium salt in weak alkaline solution) and the bases in 
each case. As the results obtained in the different series were almost 
identical, only one set will be described. 
0˙5 grm. nucleic acid was dissolved in 15 c.c. distilled water, and 
the solution then kept on the boiling water-bath until no trace of 
nucleic acid remained, and yet no phosphoric acid had appeared. This 
solution was then made weakly alkaline with Na,CO, and injected 
subcutaneously into a young rabbit weighing 434 grammes. Half of 
the solution was injected after the white corpuscles had been counted, 
and the rest 17 hours afterwards, the animal being killed 25 hours after 
the last injection. It is not necessary to put down in tabulated form 
the alterations in the number of the leucocytes, as these were exceed 
ingly slight and not uniform in the three series of experiments, It 
was impossible to make out any distinct stage of hypoleucocytosis, 
although we examined the blood four to five hours after the injections, 
while the most marked increase in the number of leucocytes was 
noticed about 17 hours after the second injection, but the rise was only 
from 6000 to 7500. Films were taken at the stage corresponding to 
hyperleucocytosis (leucocytes, 7500) and also just before killing, the 
appearances in both cases being very similar. The relative proportions 
of the different white blood corpuscles were estimated in the two sets 
of films, and also the absolute number of the granular and non-granular 
in a fixed area of the film, but all that could be made out was that the 
granular cells were absolutely increased in number (compared to the 
control), while the lymphocytes were slightly diminished at the stage 
when the leucocytes numbered 7500 per c.mm. 
The characters of the granular cells in the blood and marrow of 
this rabbit were altered, and the changes were exactly of the same 
description as in the nucleic acid experiments, so that it is certain that 


1 Kossel and Neumann, Zeit. f. physiol, Chem. XxII. S. 77. 1896, 7. 
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nucleic acid, either injected as such (as the sodium salt), or the same 
quantity of acid after decomposition into thymic acid and the bases, 
will produce the same characteristic alteration in the oxyphil granular 
cells, The changes were as follows. 

Blood. The amphophil polymorphonuclear leucocytes contained very 
few granules scattered through the cytoplasm, the majority of which 
were purely basophil, though some retained their original oxyphil 
reaction. The cells were not so compact as the normal ones, and they 
broke down more easily, while many of them were vacuolated. 

The coarsely granular oxyphil leucocytes were very much diminished, 
and their granules were now almost entirely basophil. 

Marrow. The changes are exactly of the same type as were 
described in the nucleic acid experiments, and they are common to 
both types of oxyphil granular cells, The alterations might be grouped 
as follows: 

(a) Swelling of the cytoplasm of the cell so that it appeared less 
compact. 

(6) Basophil reaction of granules which were originally oxyphil. 

(c) Loss of granules per cell with resulting vacuolation. 

(d) Loss of chromatin in nuclei. 

(e) Great diminution in the number of the coarsely granular cells. 

In the marrow sections there was seen to be a diminution in size 
and number of the fat cells and some congestion. : 

The examination with higher powers showed the distinctly“ leuco- 
blastic” type of the marrow, the myelocytes being swollen and the 
number of the granules per cell diminished. The reactions of the 
granules were not studied in these specimens owing to the fact that 
they had been fixed in corrosive sublimate. The coarsely granular 
oxyphil cells seemed to be diminished in numbers. 


ACTION OF METAPHOSPHORIC ACID. 


We had next. to decide whether the specific action of nucleic acid on 
the granular cells was due to the hypothetical metaphosphoric acid 
radicle, so we injected this acid subcutaneously into three rabbits. In 
one case too much of the acid was injected and the animal died, but in 
the other two the equivalent (in terms of phosphorus) of 0°5 grm. 
nucleic 2 d was injected in the form of HPO,. It was given as the 
sodium ‘salt and exactly in the same way as in the previous e 
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The injections produced only an extremely slight hyperleucocytosis, 
which was due to an increase in the granular cells. 

A short description of one set of experiments will suffice, 

grm. HPO, was dissolved in 15 c. c. distilled water and then 


made slightly alkaline with Na, CO,, Half of this was injected at one 


time and the rest 17 hours later, the animal being killed 25 hours after 
the last injection. That is to say, this rabbit was placed under exactly 
the same experimental conditions as the thymic acid one. 

The cells in the blood and marrow films showed no variation from 
the normal. The granules had the same reactions as in the control 
rabbits, the only point of difference being that the coarsely granular 
eosinophil leucocytes and myelocytes were markedly diminished. In 
marrow sections of these rabbits there was not much to be noted. 
There were no signs of congestion, and, although the parenchyma 
seemed increased at places, the marrow was not leucoblastic in type. 
The amphophil myelocytes were full of granules as in control specimens, 
and there was neither swelling nor pallor of their nuclei. 

Thus it is seen that metaphosphoric acid has neither the action on 
the granular leucocytes that nucleic acid exercises, nor does it affect the 
P. O, excretion in the way that the latter acid does as we pointed out in 
our former paper. 

We are at present occupied with the investigation of the action 
of the bases, as it is important to find out whether it be the organic 
phosphorus-holding acid—thymic acid—or the adenin, guanin and 
cytosin, which cause the peculiar alterations in the granular cells of 
the blood and bone-marrow. 7 


CONCLUSIONS. 


1. In the case of lymphatic leucocythæmia examined by us, there 
was a marked diminution in the absolute amount of P,O, excreted and 
also a relative decrease compared to the amount of nitrogen excreted. 

2. The-alloxuric excretion (uric acid and bases) was hardly affected. 
3. In a case of medullary leucocythemia where the number of 
leucocytes was rapidly falling, the P,O, excretion was found to have 
undergone no diminution, while the alloxuric excretion underwent 
marked variations. A possible explanation of this altered metabolism 


is given earlier in this paper. 


4. Solubilities of oxyphil granules in the guinea-pig’s marrow. 
(a) Both the fine and coarse granules were unaffected by boiling 
alcohol and ether. 
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(b) After the action of weak watery and alcoholic solutions of 
sodium carbonate, the granules were removed almost entirely from the 


finely granular cells, while the coarsely granular ones were much less 


755 Weak watery bai alcoholic acid solutions 1250580 both 
types partially, the finely granular to the greatest degree. 
(0) Sodium ethylate in alcoholic solution removed the fine 


oxyphil granules almost completely, and only affected the coarse ones 


to a slight extent. 
5. Action of nucleic acid on the granular cells i in the blood and 
bone-marrow of the rabbit. 

(a) There was first of all an altered distribution as r in 
the stages of bypo- and hyperleucocytosis, during both of which an 
accumulation of white cells takes place in the pulmonary capillaries. 

(b) There was in addition a great increase in the finely granular 
myelocytes in the marrow, and at certain stages a marked diminution 
in the coarsely granular oxyphil cells. 

(c) The number of granules per cell was diminished first of all 
and most distinctly in the amphophil, and later to some extent in the 
coarsely granular oxyphil cells. This occurred both in the granular 
cells in the blood and those of the marrow, but especially in the latter. 

((d) There was a gradual alteration in the staining affinities of 
the oxyphil granules, which became finally purely basophil. This change 
in reaction is probably due to the fact, that the granules are composed 
of nucleo-proteid with more or less easily detachable albumin, and the 
first action of nucleic acid is to remove the albumin, or rather to cause 
the cell to give up the albumin, that is combined with the more acid 
residue—nuclein. This residue reacts more strongly acid than the 
complex nucleo-proteid, and hence is stained with methylene blue, and 
as it is less easily dissolved (or digested) it remains for some time after 
the albumin has disappeared. The change is most marked in the 


amphophil granules, because in them the combination between nuclein 


and albumin is a looser one than in the coarsely granular oxyphil cells. 

‘The subsequent discharge of the resistant basophil residue leads in 
all probability to an increased P,O, excretion. This is a point of the 
greatest importance, because in this action of nucleic acid on the 


; granules of leucocytes and their forerunners, we have an example of 


what may occur when nucleins break down in the organism. 
(e) There was also distinct loss of chromatin in the myelocyte 
and leucocyte nuclei. 
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6. Nucleic acid after breaking down into thymic acid, adenin, 
guanin and cytosin, acted upon the granular cells in blood and bone- 
marrow in the same way as the undecomposed acid. 

7. Metaphosphoric acid had no special effect on either the granular 
cells in the blood or those in the marrow. | | 

In this paper and also in our previous one, it has been our aim 
to investigate the nature of the changes which those important consti- 
tuents of the nucleus—the nucleins—may undergo in the organism. If 
‘injections of nucleic acid can produce distinct changes in the secretions 
of the granular leucocytes, then in any condition where nucleic acid 
may be set free in the organism (eg. hypoleucocytosis due to leucolysis), 
the same changes may be produced in the granular cells of the blood 
and marrow. It is impossible for us to refer here to the important 
work on the réle of leucocyte secretions in bacterial infection by 
Buchner, Hahn, Lowy and Richter, Kanthack and Hardy, and 
others; but our experiments tend to show how easily the granules 
may undergo alterations, and how important these changes may be in 
affecting the general metabolism. 


PLATE I. DESCRIPTION OF FIGURES. 


Fig. 1. Marrow or Rassir I. (control). 


Several amphophil cells are shown with well-defined outlines and fairly 
well-stained nuclei. Two eosinophil myelocytes are seen, the one on the left 
containing some basophil granules. There are also to be seen an erythroblast 
with pink areas in its nucleus and a finely granular basophil cell. 


Fig. 2. BroopD ritm or Rassir I. 


Several amphophil cells are shown and one eosinophil in the upper part 
of the field. The cells are crowded with their granules and the nuclei are 
listinct 


Fig. 3. Marrow ritm or Rassir II. 


This shows the effect of nucleic acid on the granular cells, eighteen hours 
after injection. The amphophil cells seen here are larger than normal, with 
pale, swollen nuclei and granules which have lost their normal oxyphil re- 
action to a great extent and take on the basic stain. Some granules have 
been wholly or partially discharged. A large diffuse eosinophil cell is seen 
with granules altered in reaction. 
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Fig. 4. Broop ritm or RABRIT III. 


The nuclei of the emphophil cells are swollen and poor in chromatin. The 
granules are few and stain in hoth acid and basic stains. Unstained areas 
corresponding to granules are also seen. An eosinophil cell with granules 
altered in reaction is seen to the right. | 


Fig. 5. Marrow Fitm or Rassirt III. 


Effect fifty hours after last injection. Amphophil cells are seen with very 
pale nuclei and loosely arranged granules which are altered in reaction. An 
eosinophil cell which has undergone very marked alterations is seen to the 
right. 

Fig. 6. Marrow YIM or Rassir IV. 


Effect seventy-five hours after last injection. Cells recovering. The 
normal tint of the amphophil granules has to a great extent returned, as is 
also the case with the eosinophil granules. 


Motte. The preparations, from which the drawings were made, were fixed 
by formalin vapour, stained 24 hours in Chenzinsky’s eosin- methylene-blue 
mixture and examined under a Pz oil immersion lens, oc. 8 (Zeiss). 
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THE DEATH TEMPERATURE OF CERTAIN MARINE 
ORGANISMS. By H. M VERNON, MA., M. D., Fellow of 
Magdalen College, Oxford. 


(From the Zoological Station, Naples.) 


tn a former paper upon the subject of Heat Rigor in various inverte- 
brate and cold-blooded vertebrate animals, it was shown that the 
various temperatures of loss of excitability could not be accounted for 
by supposing them directly related to the proportion of water present 
in the tissues. This was somewhat unexpected, for it was found that 
if water were added to or subtracted from muscles by previously 
soaking them in hyp- and hyperisotonic salt solutions, the temperature 
of loss of excitability was most distinctly diminished in the one case, 
and somewhat increased in the other. It was found, however, that 


animals of the same class of the Animal Kingdom as a rule showed 


very similar temperature values, those for the Amphibia examined 
being about 38°5, for the Fishes 39°, for the Reptilia 45°, for various 
Molluses 46°, and so on. 

In order to obtain, if possible, some further light upon the un- 
answered question as to why different animals should exhibit different 
temperatures of loss of excitability, or, what is almost the same thing, 
different maximum or death temperatures, it was thought to be of 
interest to make observations on various marine organisms, , Observa- 
tions of this nature have already been made before, but most of them 
are not very exact, and the conditions are so variable that accurate 
comparison is impossible. A very complete list of these observations, 
and also of the literature of the subject, is given by Davenport and 
Castle in a paper on acclimatisation to high temperatures’. 

For most of the animals experimented with on the present occasion, 
determinations of the solid constituents have already been made by me 
and recorded in a former paper’, and hence one was able again to test 

1 This Journal, p. 289. 1599. 
2 Arch. f. E kl hanik, u. p. 227. 1896. 
This Journal, p. 18. 1896. 
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the hypothesis of a possible connection between death temperature and 
the amount of solid constituents. 

The method of experiment was to place the animal under observa- 
tion in a small beaker of water usually about 200 cc. - which floated 
in a larger vessel of water. This water was gradually warmed, at first 
fairly rapidly, but as the death temperature of the animal was reached, 
very slowly. The water in the small beaker was stirred vigorously 
with a thermometer, the animal being observed at short intervals so 
as to determine exactly when heat paralysis set in, and all motion 
ceased. The water was generally warmed about ‘5° to 1° above this 
temperature, and then the beaker was removed and floated in a tank 
of cold water, so as to cool its contents rapidly. Should the animal 
recover motile power on cooling, as was often the case, then the process 
of heating was gone through again, the temperature in this case being 
taken to about a degree above that in the first observation, even 
supposing the paralysis had set in at the same or a lower temperature 
than before. The animal was again cooled, and the process of heating 
repeated again and again, if necessary, until the animal was actually 
killed. The heating usually took about a quarter of an hour, or some- 
what longer with the bulkier animals, in which the heat took longer to 
penetrate. 

In the subjoined table the temperature of paralysis or cessation of 
movement of each animal is given, as well as the death temperature. 


Animal Paralysis Death Mean dean of solid 
temp. temp. temp. 
Cestus veneris $2°0° 82°5° 
97 97 35 1 35˙6 340° “24 
(Salpa africana 87°5 38 ˙0 
Bs)” 36˙5 87-0 
75 ” 87°6 88°1 37°7 
Carmarina hastata 36°2 36°7 
36 ˙7 37˙2 36°9 38 
§ Rhizostoma pulmo 38°2 88°7 
3? 77 34˙2 41°2 
36-4 39°7 
” ” 31˙3 380 39 4 53 
Beroe ovata 84°3 36°3 
” 36°0 36˙5 864 
Pterotrachea ooronata 41°7 42-2 
VVV 
0 ia peronii 
3 Tethys Iaporina 12 
= \Octopus vulgaris 83°7 36:0 36-0 117 
ioxus lanceolatus 33.7 
— 


Serranus scribus 35 ˙7 36 ˙0 360 16°7 
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Doubtless some of these paralysis temperatures are too low, as an 


animal would often cease to move before it actually lost the power of 


moving. The values given for death temperature need some explana- 
tion. Supposing an animal was heated to say 40°, and it afterwards 
recovered, but did not recover from the next heating (i. e. to about 41°), 
then the death temperature was taken as 40°5°, or 5 above the highest 
temperature recovered from. If on the other hand it never recovered 
from the first heating, then the death temperature was taken to be °5° 
above the heat paralysis temperature. Thus all these death tempe- 
rature values are possibly 5“ too high, but probably on an average they 
accurately represent the real temperature of death. 

The animals, with one exception, are arranged according to the 
percentage of solids in their tissues. It will be seen that in most cases 
this percentage is extraordinarily small, it being less than 1°/,, whereas 
in vertebrate animals it is generally about 20°/,. It should be remem- 
bered, however, that all the animals mentioned in this table except the 
last three or four, are transparent or semitransparent pelagic animals, 
and these one would scarcely expect to contain much solid matter. 
The death temperature of these animals is nevertheless little if at all 
lower than that previously observed for most other marine animals, 
and only slightly below that recorded in the above-mentioned paper 
for cold-blooded vertebrates. As far as these present observations go, 
there seems, in the case of the pelagic animals, to be some relation 
between death temperature and amount of solid constituents. Thus 
the Ctenophore Cestus has the lowest death temperature, and also the 
least amount of solids, The other values are not in such accurate 
agreement, but we see that Salpa and Carmarina, which have the 
next lowest amounts of solids, have also a low death temperature. 
The two Molluscs Pterotrochea and Tethys have, on the other hand, 
a larger percentage of solids, and also a distinctly higher death tempe- 
rature. The value given for the percentage of solid constituents in 
Salpa africana is really the mean of the values obtained with two 
other species of Salps, but as all three species differ to outward 
appearance in little but their relative sine, it is probable that the value 
given is fairly correct. 

Of the animals containing a more considerable percentage of solid 
constituents, we see that in two of them the death temperature is only 
36°, or distinctly low. In fact, in these higher animals the death 
temperature is practically identical with the paralysis temperature, 
because they inevitably die when, through heat paralysis, they are 
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prevented from using their respiratory muscles. This is not true for 
Amphioxus, however, for it has been shown that this animal can live 
for hours in water containing but a trace of free oxygen’. It is not 
remarkable, therefore, that its death temperature should be several 
degrees above that of the more highly organised Serranus. 

As regards the paralysis temperatures, we see that they are gene- 
rally only the theoretical 5 above the death temperature. That is to 
say, they may, for aught that is known, be practically identical with 
the death temperatures. In a few cases, however, they are distinctly 
lower than the death temperature. Of these Rhizostoma and Am- 
phioxus are the most marked, as in three out of the four observations 
made on the former animal it was 3° to 7° below the death tempe- 
rature, and in both those on the latter, it was more than 5° below. 

All the observations recorded in this table were made during the 
months of March and April. Another series was made during July 
and August, when of course the temperature of the sea was several 
degrees higher. The temperature of the Aquarium tank water was 
some 10° higher, but probably that of the sea was not so much 
influenced. Judging from the results obtained by Davenport and 
Castle in the above-mentioned paper, one would expect that some 
degree of acclimatisation to high temperature would thereby be pro- 
duced, and such indeed was actually the case, but unfortunately it was 
found impossible to obtain specimens of most of the animals used in 
the Spring observations. 


Death Death 
Salpa africana 37°3°  38°5° | Ocelentera Actinia equina 41°5° 43°5° 
37˙8 re Anemonia sulcata 389°3 40°9 
378 883 Echinodermata Echinus 37˙2 39 
berculatus 
Rhizostoma 40°00 50 37 ˙8 38°8 
” 358 41˙2 Strongylocentro- 40°2 40°7 
tus lividus 
” ” 35°2 40°38 Vermes Rhyncobolus si- 420 433 
honostoma 
Beroe ovata 853 Arthropoda Palemon squilla 39°0 
Amphioxus 85°83 Vertebrata Mugil cephalus 87°5 87 ˙7 
863 42° + Hippocampus 38 ˙⁰0 38 ˙7 
- guttulatus 


By comparing the 3 recorded in the leſt half of this table 
with those in the former one, one finds that on an average the death 
temperature of the Salp was 6“ higher, that of Rhizostoma 1:3°, and 


1 This Journal, XII. p. 45. 
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that of Amphiorus 1:5° higher. In the single observation made on 
Beroe, the death temperature was apparently unchanged. Thus in 
eight out of the nine observations made, the death temperature had 
increased, so there can be no doubt that a certain degree of accli- 
matisation to high temperature had been effected by the warmer 
temperature of the animals’ environment. 

In the case of Rhizostoma and Amphioxus it should be noticed 
that, just as before, the paralysis temperature is several degrees lower 
than the death temperature. 

In the right half of the above table a few 3 made on 
various other marine animals are recorded. Of these, the high death 
temperature of the worm, and of one of the two Actinie examined, 
are noticeable. The Actinie were warmed particularly slowly, in 
order that the heat might penetrate to all parts equally, so there can 
be no doubt that the somewhat high values recorded are correct. 

Considering the observations as a whole, we see that the death 
temperatures vary from 32°5° to 43°5°, or through an interval of 11°. 
Even amongst the transparent pelagic animals they vary from 32°5° to 
42°5°, so there can be no doubt that different animals do differ most 
distinctly in the degree of temperature that they can withstand. We 
have seen that this difference can be only very partially accounted for 
by the differences in the amount of solids in the tissues, and hence one 
is driven to conclude that the protoplasm composing the tissues of the 
various animals must differ chemically, as well as physically. This 
conclusion is supported by some observations made on the death 
temperature of the embryos of the Echinoid Strongylocentrotus lividus 
at various stages of development. These were heated in the water in 
which they were developing to various temperatures, and then cooled. 
By microscopic examination 24 hours later, one could readily determine 
how many, if any, of the embryos had been killed by the heating. The 
following results were obtained. 


temperature 
Strongylocentrotus ova 28°5° 
Semi-blastule 4 hours 83°5 
Blastule and semi-gastrule 36°5 
Plutei and semi-plutei 28 „ 39 ·5 
Plutei 6 days 40˙8 


The death temperatures here given are most of them more or less 
mean results. Thus it was found that about two-thirds of some ova 
heated to 27 7“ at the time of impregnation were killed, but all of 
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those heated to 300. All of the embryos obtained four hours after 
impregnation survived when heated to 32°, but none of those heated to 
85°. As regards Plutei which had undergone six days’ development, it 
was found that three-fourths of those heated to 39° were paralysed for 
some minutes, and sank to the bottom of the vessel containing them, 
whilst all of those heated to 40° and 41° were paralysed. Four hours 
later, however, all of those heated to 39° and four-fifths of those heated 
to 40° had recovered, but none of those heated to 41°. 

We see, therefore, that the death temperature rapidly rises with 
progress in the development of the impregnated ovum, so as ulti- 


mately to become increased by nearly 12°. Now it has been shown 


by Davenport“, with reference to frog’s embryos, that though there 
is some sixfold increase of weight during the first ten days of develop- 


ment, yet this increase is probably due entirely to imbibition of water. 


The embryos actually contain less solid material at the end of this time 
than do the original ova. Probably the same state of things is more 


or less true also for these Strongylocentrotus embryos, and hence we 


find that, so far from the diminution in the solid contents of the tissues 
being attended with a decrease in their resistance to temperature, it is 
attended with a marked increase. Obviously, therefore, the protoplasm 
must. have undergone a considerable chemical change during the pro- 
gress of development, though of what this change consists we are 
entirely ignorant. It must accordingly be admitted that both this and 
the former series of observations leave us as much as ever in the dark 
as to why the tissues of various animals, or the tissues of the same 
animal in different stages of development, are affected differently by 
exposure to high temperature. 


1 Proc. Boston Soc. N. H. XXVII. p. 18. 1897. 
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THE EFFICIENCY OF THE CONTRACTION OF VERA 
TRINISED MUSCLE. By FLORENCE BUCHANAN, 
B.Sc., London. (Three Figures in Text.) 


(From the Physiological Laboratory of the University of O brd) 


In investigating the nature of the persistent contraction brought about 
by certain agencies, Schenck! found that that produced in a muscle 


under the influence of veratrin in response to a single stimulus was, 


like that produced by the action of gaseous ammonia or by the passage 
of a constant current, or like that of one in Tiegel sg contracture, of 
less tension-developing power than a single twitch, te. than the con- 
traction of normal muscle in response to a single stimulus. He 
designates as the “veratrin contraction” that part of the contraction 
of a vetatrinised muscle which follows an “initial twitch.” For the 
comparison of the tension of this with that of a twitch he makes use 
of the initial twitch itself of the same contraction. One of his isometric 
curves shows that five times as much tension is produced in the initial 
twitch as in the succeeding part of the contraction. 

Experiments made by Fick and Böhm 80 long ago as 1872%, 
showing that as much heat was developed in a veratrinised muscle 
in response to a single stimulus as in a normal muscle subjected for 
about 2 seconds to a rapid succession of stimuli, whilst the heat 
produced in a single twitch was imperceptible, had made it d priori 
probable that the efficiency of veratrinised muscle would be greater 
than that of normal muscle in response to the single stimulus, so much 
so that Kunkel“, writing in 1885, states that it was then proved that 
veratrinised was more efficient than normal muscle, and that he has 


confirmed this. The only experiments hitherto published which might 


furnish the proof directly are, however, so far as I know, later ones, 
made by Overend‘, and published in 1890, on the “absolute force 


1 Schenck. Arch. f. d. gesam. Physiol. txt. p. 504. 1895. 

2 Fick and Böhm. Verh. phys. med. Ges. Wiirzburg, (N. F.) m. p. 198. 1872, 
* Kunkel. Arch. f. d. gesam. Physiol. xxxvi. p. 361. 1885. 

‘Overend. Arch. exp. Pathol. u. Pharmacol. XXVI. p. 1. 1890. 
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of the de of a frog before and after the injection of veratrin 
solution into the lymph sac. The increase of absolute force after the 
injection was however in the only experiment of which he gives the 
details very small: that of a gastrocnemius being increased from 320 
grms. to 380 grms. half-an-hour after the injection of 3 milligrm. of the 
acetate of veratrin into the circulation. 

In the course of some experiments made for Professor Burdon- 
Sanderson for the purpose of ascertaining what strength of veratrin 
solution was sufficient to bring about the characteristic veratrin con- 
traction, I arrived at a method of producing the full veratrin effect in 
muscles with greater certainty than the methods usually employed 
(cp. p. 158). It therefore occurred to us to repeat Schenck’s experi- 
ments with muscles so veratrinised, and moreover to compare the 
lifting and sustaining power of veratrinised muscle excited by a single 
stimulus with that of a corresponding normal muscle excited by a 
series of rapidly repeated stimuli. An account of these e is 
given in the following pages. 

Methods :—Schenck’s method of veratrinising his muscles was that 
of injecting the alkaloid into the lymphatic system of the frog and 
preparing the muscles when signs of veratrin poisoning began to appear. 
He does not state what quantity he injected, but as he refers to 
Biedermann’s Electrophysiologie for what is not to be found in his 
paper, it may perhaps be assumed that he used the dose which 
Biedermann recommends, namely 6—7 drops of a 1°/, solution for 
a R. temporaria, a dose which causes the characteristic general symp- 
toms to come on some 5—10 minutes later. 

My method consisted in either injecting a very weak solution of 
veratrin', 1 part of the alkaloid in 100,000 or in 500,000 parts 0°6°/, salt 
solution, under the skin of the leg of the frog the muscles of which 
were to be used, or in removing the muscles from a normal frog and 
placing them in a solution of from 1 in 500,000 to 1 in a million of 
veratrin in 0°6°/, salt solution, for any length of time varying from a 
few hours to a few days, renewing the solution each day if the muscles 
are kept for more than one day, The corresponding muscles of the 


1 The crystalline veratrin employed for the purpose was kindly prepared specially 
for us by Prof, Wyndham Dunstan and guaranteed to be pure. It was dissolved in 
as minute a quantity as possible of sulphuric acid and a 1% solution of it was made up 
with normal saline (0°6°/,). From this solution solutions of different strengths 
were prepared as required. It was found that the weaker solutions did not retain their 
efficiency more than a few days. 
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opposite limb of the same frog were used for comparison, either fresh 

or after being for the same given length of time in 0°6°/, salt solution. 
The apparatus used was that devised by Blix for recording isometric 

and isotonic curves synchronically. A diagram of it is shown in Fig. 1. 


2 


Fig. 1. Blix apparatus for recording isometric and isotonic curves synchronically. p, the 
steel cylindrical support with jointed steel arm to bear the isotonic lever I, which 
consists of a strip of bamboo with an aluminium tip. t, the isometric lever, also 
of bamboo, except for a short metal part “ in which are holes for fixing the muscle. 
The two wires from an induction coil are brought, one to z, which is in connection 
with the support and hence with the metal bar t“, the other to y, which is insu- 
lated from the support but connected by a copper wire with a thin piece of copper 
surrounding the isotonic lever at the point where the muscle is attached to it. Cl, 
clamp for fixing the lower end of the muscle when an isometric curve is to be taken’. 


The muscle was firmly attached by wire to the two levers, occupying 
the position of the dotted line in the figure. To take an isometric 
tracing its lower end, the one attached to the isotonic lever I, was held 
firm by the clamp Cl, so that the muscle might act on the tension- 
recording lever (¢) only. This lever is connected with the free end of 
a cylindrical rod of steel, 5 cm. long, the other end of which is fixed. 
It is the torsion of this rod, brought about by the contraction of the 


1 This clamp for the lower end of the muscle we have introduced into the apparatus. 
It is not part of Blix’s original design. 

An enlarged view of the apparatus from above showing the connection of t“ with the 
steel rod which is acted upon by torsion when the muscle is prevented from shortening 
will be found in the Article on Muscle in Schifer’s Handbook of Physiology now 
in course of publication, Vol. 1. p. 365. , 
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muscle, that the lever records. The lever ¢ is 9°6 cm. long, holes for 
the attachment of the muscle to it are at distances of 1, 3, 5, or 7 mm. 
from the axis. The amount of torsion produced by given loads when 
suspended from the different holes can readily be recorded beforehand. 
For taking an isotonic tracing the lever J was set free and the muscle 
stretched by a small load, one of 30 grms. on the axis of the lever being 
generally used; sometimes however, to imitate Schenck’s conditions 
more precisely, a load of 10 grins. was hung on the muscle directly 
at its point of attachment to the isotonic lever. The length of the 
lever I is 185 em., the hole for the attachment of the muscle being 
8 cm. from the axis. The movement of the point of the lever is there- 
fore to the shortening of the muscle as 18°5 to 8. 5 

The muscle chiefly employed was the gastrocnemius of Rana 
temporaria. The excitation was in all cases direct and by an induced 
current passing from end to end of the muscle, which was sometimes 
curarised and sometimes not. The experiments were begun in October 
1896. Isometric tracings taken during November and December of 
that year showed that the tension developed in the “veratrin con- 
traction” of muscles veratrinised by our method was far greater than 
that of those used by Schenck, that it might be as great as or even 


greater than that developed in the initial twitch of the same con- 


traction, and that it lasted much longer. In the beginning of the 
following year (1897), to confirm the results of these observations, a 
large number of experiments were made to ascertain the lifts of 
different (heavy) loads by veratrinised muscle, and these lifts were 
compared with those of the same loads by corresponding normal muscles 
when tetanised. At the beginning of the. following year (1898), some 
more isometric and isotonic contractions of veratrinised muscles were 
recorded in the same way as before, the control corresponding. muscles 
being now tetanised for comparison instead of being excited by a same 
single induction shock. 

All the experiments were made at room temperature, which was 
kept as nearly as 5 porns at 14°C. | 


muscle ; E 


Isometrie and isotonie curves were taken alternately. In all cases 
there was an interval of at least 2 minutes, * which the 8 
rested, between two successive contractions. 
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It has been thought desirable rather to give the results of the 
curves in the form of tables than to reproduce a large number of the 
curves themselves. Only 2 pairs of curves therefore are reproduced 
(Figs. 2 and 3). The tensions recorded in the tables were measured 
by the direct application to the isometric curve at the points cor- 
responding to the different moments specified, of a scale previously 
made with the isometric lever by suspending given loads from the 
same hole in it as was used for the attachment of the muscle in the 
experiment in question. The shortenings recorded were calculated from 
measurements of the height of the isotonic curve at the corresponding 
moments — the — of the curve by 1 ying each measure- 


ment by -— 18 5 


One curve of either kind in each 8 was measured and 
is here tabulated. Of Exp. 5 where the corresponding curves were 
less alike than in the other experiments, three isometric and two 
isotonic curves were measured, and of these one isometric and one 
isotonic have been reproduced (Fig. 2). The pair of curves, taken 
with the fellow gastrocnemius of the same frog, not veratrinised but 
subjected to a tetanising current of 20 seconds eration, are also 
reproduced for comparison (Fig. 3). 


¢ 


Fig. 2. - Isometric curve (above) and isotonic curve (below) of veratrinised* gastro- 
enemius. Exp. 5, 3rd and 4th curves. 


Fig. 3. Isometric curve (above) and isotonic curve (below) of ‘the other gastrociemius of 
the same frog, tetanised. Exp. 6, Ist and 2nd curves. The marks on the abscissw in 
both figures indicate the time in seconds, 
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The moments at which the tension or shortening respectively were 
measured, were chosen according to the shape of the curves, so that the 
moment of maximum effect or of minimum effect in either case might 
always be recorded. For this purpose it was necessary to take more 
frequent measurements during the first second of contraction.. 


Exp. I. Nov. 1896. R. temp., not curarised. A solution of 1 part 
veratrin to 100,000 parts 0-6°/, NaCl injected under skin of leg. Gastro- 
cnemius muscle prepared a few minutes later. Excited by a single break 
induction shock. 1D. in primary circuit: secondary coil (of Kronecker’s 
inductorium) at 8500. 30 grms. on axis of isotonic lever. Third hole 
of isometric lever used. 

Exp. 2. Nov. 1896, een of R. temp, prepared and excited in 
the same way as in Exp. I. 

Exp, 3. Dec. 1896. Gastrocnemius of R. temp. didi bad arn left for 
3 days in a solution of 1 part veratrin to a million 0-6 salt solution. 


Arranged and excited as in Exps, 1 and 2, but 2nd hole of isometric 


lever used, 
| Exp. 1. Exp. 2. Exp. 3. 
Tyne after Veratrin Veratrin Veratrin 
pn Tension Shortening Tension Shortening Tension 
in seconds ingrms. in mm in grms. in mm. in grms. 
8 130 3˙4 165 2°6 50 ing 
3 140 4°4 175 3˙1 40 2°4 
4 125 5˙1 100 40 50 2°4 
8 115 4˙4 50 4°4 60 2°5 
4 110 4°6 60 42 75 26 
1 110 4°4 80 39 60 28 
1 110 40 100 37 585 2˙8 
2 90 3˙1 100 3˙1 50 2˙8 
3 70 2°4 80 2°8 30 2°8 
4 65 2°0 75 2°6 10 26 
5 60 1°77 60 2°4 
6 60 1°33 50 2˙2 
7 60 0°66 40 2 
8 20 1°66 
9 
10 


Exp, 4. Jan. 1898. Gastrocnemius of R. temp., not curarised, after 
being left for 24 hours in 30 c.c. 0°6°/, saline to which 4 drops of 1 in 
10,000 V. had been added, and therefore containing about 1 part in a million 
of the alkaloid. 

. Excitation as before, but an Elliot coil used in the place of the Kronecker, 
sec, o. at 8 om. The 4th hole of the isometric lever used. 10 grm. on muscle 
for taking isotonic tracings. 
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Exp. 5. Jan. 1898, Gastrocnemius of R. temp., after being left for 
48 hours in a similar solution to the one used in Exp. 4, but with the addi- 
tion to it of 4 drops 1°/, curare. Other conditions as in Exp. 4. 

The measurements of five out of ten curves in this experiment are given, 
of which the Ist, 3rd and 7th were isometric, the 4th and 8th isotonic. In 
Fig. 2, the 3rd and the 4th curves are reproduced. | 

Exp. 6. Jan. 1898. The other gastrocnemius of the same frog as used 
in Exp. 5, after being left for 48 hours in 30 C. c. 0°6°/, saline to which 
4 drops of 1°/, curare had been added, Tetanised with the vibrator of the 
Elliot coil, at a rate of about 40 stimuli per second. Sec. coil still at 8 cm. 

The Ist (isometric) and the 2nd (isotonic) are the curves here tabulated 
and figured. They are reproduced in Fig. 3. 


Exp. 4. Exp. 5. Exp. 6. 
Time after j§ Veratrin Veratrin Tetanus 
beginning: A 
traction T ing (4th Tension prog — 
in secs, ingrms in mm. (Ist curve) (3rd curve) e) tn curve) curve) | (ist curve) (and curve) 
* 140 4°2 125 140 2°7 150 3°2 140 4˙2 
} 150 42 130 140 8°7 150 8°4 
160 130 130 3-7 125 3°56 135 4°3 
1 130 125 89 120 3°6 
1 170 474 130 125 4-1 125 3˙8 130 4-4 
2 170 4°7 130 140 4°3 150 4 125 4˙4 
3 160 4˙8 130 140 4°5 155 42 120 4˙4 
4 145 47 130 140 4°7 155 42 115 4˙4 
5 180 46 130 140 47 150 4°2 110 4-4 
6 120 44 125 140 4°6 140 40 105 4˙4 
7 110 42 100 140 4°5 120 38 100 4-4 
8 105 4°0 85 135 4°4 100 86 95 4˙4 
9 100 3˙8 70 130 4˙3 80 3˙5 90 4˙3 
10 90 37 60 125 4°2 60 3°3 85 
11 80 3˙5 50 120 8 3˙1 80 4˙2 
12 70 33 45 100 40 50 2°8 75 
13 60 3˙2 40 90 3˙8 45 2°6 70 41 
14 55 3˙1 35 80 3˙6 40 2˙4 65 
15 50 30 75 3˙5 35 2°3 60 4-0 
16 28 70 3˙4 30 2˙2 55 
17 26 65 3˙3 a 50 3˙8 
18 40 2˙8 25 60 3˙2 45 
19 55 3˙1 40 3˙4 
20 50 8°0 
21 30 2°6 50 29 
22 50 2˙8 
238 50 27 
24 20 2°4 ' 


Results: the experiments show that after the first quarter of a 
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second the absolute tension in a veratrinised muscle may be nearly | 
as great as (Exps. 1 and 2), quite as great as (Exp. 5, Ist and 3rd 
curves), or even greater (Exps. 3, 4 and 5, 7th curve) than at any 
moment during the first quarter of a second. 
The relative tension, expressed by the ratio cn oe —* „which 
isotonic height 
is what is chiefly taken into consideration by Schenck, either increases 


to a maximum, which it reaches 4 a second to 1 second after the be- 


ginning of contraction (Exps. 3 and 4), and then gradually diminishes ; 
or, after attaining a first maximum within the first } of a second 
(Exps, 2 and 5), it diminishes and then increases again to attain a 


second maximum 1—2 seconds later, the second maximum not being 


usually so great as the first but being maintained for a considerably 
greater length of time (3 or 4 seconds, instead of for a small fraction 
of a second only). In Exp. 1, the relative tension, after first dimin- 
ishing, rises to an amount very nearly as great as- before, and after 
persisting for 2 seconds increases beyond it. 

In the shortening curves of a gastrocnemius veratrinised by our 
method an initial contraction is rarely to be distinguished. Exp. 1 
is the only one of the series which shows it. It is however apparent 
in the tension curves of Exp. 3 and in two out of five of those of 
Exp. 5. In Exp. 3 and in Schenck’s experiments there can be no 
doubt that this initial contraction corresponds, as he assumes that 
it does, to the “twitch” of a normal muscle. Such a twitch cannot 
however take longer than 3 of a second to attain its maximum tension 
under the conditions of our experiments“, and in a fresh muscle it 
would take considerably less time than this (3—4 hundredths of a 
second only). We may therefore safely assume that an increase of ten- 
sion taking place later than } or even 3 of a second after the beginning 
of contraction is due to something more than a twitch, namely to what 
Schenck calls the “veratrin contraction.” In Exp. 3 this acts in- 
dependently of and subsequently to the twitch and produces a greater 
absolute tension. In Exp. 4 it evidently adds itself on to the twitch 
before the tension of this has begun to decline, and by the time that 
the maximum tension is reached the effect of a twitch must have 
altogether ceased, so that at this moment whatever tension exists must 


1 It will be noticed that the Experiments 1 and 2 were made with very nearly fresh 
muscles, the others with muscles kept for some days. The influence of keeping on the 
duration of the twitch and on the amount and moment of occurrence of maximum tension 
and of maximum shortening will form the subject of a subsequent communication. 
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be due to veratrin only’. In Exps. 1, 2 and 5 the veratrin effect seems 
again to be added on to that of the twitch. The slight difference of 
form in the different curves of Exp. 5 appears to show that the time 
taken for the development of the veratrin effect is not always precisely 
the same even in the same muscle, Whether or not the maximum 
tension of a twitch of the muscles with which experiments 4 and 5 
were made would have been, when normal, as much as 140 grms., it is 
of course impossible to say for certain, since by our method of vera- 
trinising, the same muscle cannot be used both when normal and when 
veratrinised at the same time, and the fellow-muscle cannot be relied 
upon as being always the exact counterpart of the first; but by com- 
parison with the amount of tension produced in the fellow gastrocnemius 
when tetanised (Exp. 6) it would seem probable that the twitch alone 
would not have produced so great a tension, and that the tension of 
the twitch is supplemented by that of the veratrin contraction before 
the first eighth of a second. 

However this may be the compasioon of the 1 . relative 
tension acquired by a normal muscle when tetanised, i.e. when con- 
tracting persistently in response to repeated stimulation, with that of 
the fellow muscle veratrinised and excited by a single stimulus, will 
serve our present purpose better than the comparison of tliat of a 
single twitch with it. As regards the absolute tension of the tetanised 
muscle it will be seen from the table (Exp. 6) and the curve (Fig. 3) 
that the maximum was about the same as in the veratrinised muscle, 
although not so great as in some of the veratrin contractions (e. g. Exp. ö, 
7th curve). In the contraction due to tetanisation, however, the maxi- 
mum tension was no sooner attained than it began slowly but steadily 
to decline, whereas, as we have seen, in the contraction of the vera- 
trinised muscle the maximum tension is maintained for some time 
although there may be a brief intermediate period of decline. The 
relative tension, as estimated by the ratio a a declines 

isotonic height 
steadily throughout, although the muscle i is continually receiving fresh 
excitations not inferior in strength. | 


* 


I By accepting Schenck’s terma ‘‘twitch” 3 . for the two 
parts of the contraction of a veratinised muscle I do not wish to imply the acceptance of 
any theory as to the nature of such a contraction, such for instance as the theory of the 
veratrin acting on one kind of fibre, fibres of another kind being unaffected by it. The 
recently published experiments of Carvallo and Weiss (J. Physiol. Pathol. générale, 1. 
p. 1, 1899) on the action of veratrin on purely red and purely white” muscles of the 
rabbit, showing that where the fibres are all of one kind there is still an initial and 
a subsequent effect would alone make such a theory untenable. 
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response to a single stimulation; and comparison with that of the 
same loads by normal muscle in response to tetanisation. 


The Blix apparatus was again used, the one end of the muscle 
being fixed by wire into the first hole of the isometric lever. This 
lever was not used for recording. At the point of attachment of the 
other end of the muscle to the isotonic lever, the weight required to be 
lifted was hung, it was therefore suspended directly from the muscle. 
Records were taken with the isotonic lever, which however was some- 
what longer than in the other experiments recorded. It now measured 
20 cm. so that the ratio of the height of the curve to the actual 
shortening of the muscle was that of 20 to 8. In the following tables 
the actual shortening of the muscle, ie. the actual height it lifts the 
load, is recorded. 
Ihe excitation was by a single break induction shock, Kronecker's 
inductorium being used, the secondary coil standing at 5000, 1 D. in 
primary circuit. 

26 experiments of this kind were made with the muscles of 
15 different frogs. 6 of them are here chosen for illustration, all of 
which were made at the ordinary temperature of the room, which was 
at that time about 14°C. 


Exp, I. Feb. 1, 1897. Gastrocnemius of N. temp., not curarised. The 
muscle had been prepared on Jan. 28, and left for the night in 30c.c. of a 
solution of 1 part veratrin to 100,000 saline. On Jan. 29, a set of curves 
had been taken with it, loaded with weights of 10, 50, 100 and 150 grins. 
respectively. It would then only just lift the 150 a, and although it 
lifted the 10 grms, 4°] mm., it lifted the 50 only 2 mm. and the 100 only 
O4 mm. It was left in a solution of 0°6°/, saline without more veratrin being 
added for the night, and was found on the following day to be giving very 
much more vigorous and persistent contractions than before. No curves 
however were taken. It was put back in a fresh saline solution to which a 
trace of veratrin was added (probably less than 1 part in 1,000,000) and the 
following day, Jan. 31, curves were taken with it showing that it would now 
lift a load of 10 grms. or 50 grms., 4°8 mm. ; a load of 100 grms. 5˙6 mm., 
and a load of 200 grms. as much as 4°4mm.! It was left in a similar solu- 
tion to the one of the preceding night and the following day (the 4th after 
its preparation) the curves of which the measurements are given in the table 
were taken. There was an interval of 10 minutes between each 2 successive 
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(5th day.) 
Time after . Lifts in millims. of loads of 
10 % 100 200 300 100 10 
in seconds grms. grms. grms. grins. grins. 
1·˙6 20 1˙6 08 0˙5 16 2°4 2˙6 
q 1˙5 2°4 2°4 17 08 2˙8 3˙2 3°6 
y 18 2°8 3˙2 27 12 3˙8 3˙5 3˙8 
1 2°4 3-2 8°5 3˙2 1°4 4°0 3°6 4-0 
3˙2 4˙1 40 2°2 4°4 40 4˙1 
8 83 4°3 4˙3 4˙2 2°5 4°5 40 41 
4 3˙3 4˙3 4˙3 4˙2 2°5 4°5 40 40 
5 3˙3 4˙3 4˙3 41 2°4 4°4 3°8 3˙9 
6 8°3 42 4°0 3˙7 2˙2 4˙1 30 3°6 
7 2˙9 40 3˙6 3˙1 17 3˙6 2˙2 3˙0 
8 2˙5 3˙8 2°9 2˙5 1% 3°0 16 28 
9 2˙2 3˙2 2°2 21 11 2°4 12 2˙0 
10 1˙6 2°6 18 16 0˙9 20 11 13 
11 12 2˙1 1˙4 0°7 16 1°0 10 
12 10 18 1°2 12 06 1°3 09 0-9 


It is remarkable that both on the 3rd and 4th days the muscle 
lifted a load of 100 grms. to a greater height than one of 10 grms., also 
that on the 4th day it lifted the 100 grms. the second time this load 
was put on (column 6) to a greater height than it had lifted it half-an- 
hour previously (column 3). Such results occur not infrequently, but 
as they are not constant no definite significance can be attributed to 
them. On the 6th day (the 5th after its preparation) 200 grms. was as 
much as the muscle could lift, and it lifted this 0°5 mm. only; the 
greatest height to which it could lift 100 grms. was 16 mm., and the 
greatest height to which it could lift 10 grms. was 2°0 mm. 

The fact that on the first day the muscle could do less work in 
response to the same stimulus will be referred to later. 


Exp, II. Feb. 5, 1897. Gastrocnemius of R. temp., prepared on Feb. 2, 
and left in normal saline for 24 hours, then a set of tracings taken with 
it excited by a single stimulus showing that it would lift 10 and 50 grms., 
2°0 mm.—100 grms., 1°7 mm.—200 grms., 1˙3 mm.—and 300 grms., 0-8 mm., 
holding each at the respective height for a small fraction of a second only, 
On the following day the muscle was placed in normal saline to which a 
few drops 1 in 10,000 veratrin had been added, i.e. in a solution of 1 part 
veratrin to 1,000,000 about, 0°6°/, saline, and the day after the tracings 
were taken of which the results are given in the following table. There 
was an interval of 5 minutes rest between each two successive excitations. 
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(4th day.) 
Time after 8 Lifts in millims. of loads of pee 
10 50 100 200 . 300 400 
in seconds grins. grms. grins. grins. grms. grins. 
1 2˙2 2˙2 18 09 07 58 
3˙4 32 3% 1°5 06 
5 2°6 2˙8 26 14 0°6 
4 2°4 2-7 2˙5 16 08 0°45 
1 2°6 27 23 16 08 
2 2°7 2˙3 1˙6 08 06 
3 2°6 2°7 23 16 0˙8 06 
4 26 2°6 2˙2 15 08 06 
5 2°5 2°5 2°0 1°4 08 05 
6 2°4 2°4 18 1°3 0°7 0°45 
7 22 2˙2 16 12 06 04 
8 20 20 15 11 05 — 
9 18 18 1°4 10 0°4 — 
10 1˙6 1°6 13 09 0°35 — 
14 14 1˙2 08 0˙3 — 
12 13 07 0˙3 


Here, again, the 50 grins. was liſted to a greater height and the 
100 grms. to as great a height as the 10 grms. 

As compared with the lifts of the same loads by the muscle before 
it was veratrinised, it will be seen that each load up to the 200 grms. 
is lifted to and sustained at a greater height than it was lifted to by 
the unveratrinised muscle. The 300 grins. is ouly in what is evidently 
the veratrin effect (and not twitch) lifted as high as it was previously. 


Exp. III. Feb. 8 and 9, 1897. Gastrocnemius of R. temp. A solution 
of 1 part veratrin to 100,000, 0·6 % NaCl injected under skin of leg at 
10 a.m. on Feb, 8, the muscle prepared an hour later and records taken 
(Table A). 2 minutes’ interval between each two successive excitations. After 
the experiment the muscle was placed in normal saline and left there until 
the following day, when another set of curves with the same loads as used 
the day before and the same interval between the excitations ‘were taken 


(Table B). 


It will be seen that the twitch 8 was hardly to be 3 


from the veratrin effect on the first day except in the curves with 


heavy loads, is readily to be distinguished from it in all the curves 
on the second day, and that in each case it is in the after contraction, 
not in the twitch, that the load is lifted highest. The 100 and 


200 grins. are thus lifted to a much — 2 8 5 than ep had 


been on the preceding day. 
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9 5 A. Fresh. | B. 2nd day. 
Time after Lifts in millims. of loads of Lifts in millims. of loads of 
10 50 100 200 40 100 200 300 
in seconds erm. grms. grms. rms. grms. rm. grms. grms, 
26 20 15 158 13 08 0˙4 
3 2°4 10 0-5 10 13 09 0-4 0-2 
4 3˙1 26 1˙1 0 ˙4 12 1°5 1°3 05 0°25 
2 2˙8 24 12 94 | 38 2°4 20 0°6 0°3 
2˙5 2˙3 1°2 0°4 2°3 2°6 22 07 0˙3 
2 2˙5 2˙2 11 0˙4 2˙3 2˙6 26 10 0°4 
8 2°4 2°0 0-9 0˙4 a4. 2°6 26 11 0°45 
4 23 17 % O85 | 832 26 26 11 045 
5 20 13 0°5 0:3 — 2°6 2˙5 10 0°45 
6 19 1-1 0˙4 — 2°0 — 245 09 0˙4 
7 18 0-9 03 — — — 24 0°35 0°35 
8 12 0°7 — — — 2°5 2°3 0-8 0˙3 
9 10 0°6 — — — — 22 0°75 — 
10 0˙8 0˙⁵ 02 01 20 2˙4 2˙1 07 02 
12 19 23 19 


Exp. IV. Feb. 9, 1897. Sartorius of same frog as used for Exp. III. 
Prepared on Feb. 8, and left in normal saline all night. On the following 
morning 3 drops of the 1 in 10,000 solution of veratrin were added to a 
fresh 30 0.0. saline and the muscle left in such solution until the afternoon, 
when the curves were taken with it arranged in the same way as the 
gastrocnemius in the previous 8 3 minutes interval between each 
two excitations. 


(2nd day.) 
Time gl Lifts in millims. of loads of 
pero the 10 20 50 100 70 50 20 10 
in seconds grins. grins. grms. grms. grms. grins. grins. grins. 
3 40 12 OF OL O15 045 055 0°75 
4 W 16. 08 O1 08 
3 6˙3 145 09 0˙¹ 0˙2 055 06 0°85 
1 65 16 10 0˙2 0°6 0°6 0-9 
2 8°4 1°6 10 0˙¹ 0˙2 0-7 07 13 
3 6°5 12 09 0˙1 02 07 0°7 14 
4 4 8°7 10 07 0-1 0-2 0°7 0°7 12 
18 08 O8 006 02 
7 08 0°4 0-2 0 015 O04 09 
8 05 02 . — 01 08 O8:. 08 
9 04: O1 0-1 — 0-1 
10 — — 005 — — 06 


The tremendous difference in the height to which a light load could 
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be lifted as compared with that to which a heavy one (or even only a 
slightly heavier one) could be, was apparent in all experiments with 
the sartorius muscle, whether veratrinised or not. The muscle con- 
trasts very strongly in this respect with the gastrocnemius, where a 
load of 50 or 100 grms. is usually lifted to as great a height and some- 
times even to a greater one (Exps. I, III B, and VI) than one of 10 grms. 
At the end of the experiment as the table shows the 10 grms. could 
no longer be lifted to so great a height. 


Exp. V. March 14, 1897. Gastrocnemius of R. tone prepared and 
left in normal saline on March 12, Placed in veratrinised normal saline 
(1 in 1,000,000) on the morning of March 14, and a set of tracings taken 
with it half-an-hour later, loaded with 10, 50, 100, 200, 300, 400, 300, 200, 
100, 50 and 10 grins. in succession, The greatest height to which it lifted 
the 400 grms. was then only 1 mm., and this was at the beginning of the 
contraction. All the loads were however lifted for some 7 to 8 seconds at 
least. The muscle was then replaced in the same solution, and an hour later, 
at 12.30 p. m., the set of curves of which the results are given in the fol- 
lowing table were taken, an interval of 140 seconds being allowed between 
each 2 successive excitations. 


(3rd day.) 
. Lifts in millims. of loads of 
3 0°7 09 14 18 2°5 2°7 
2 0˙8 10 1% 2-0 2°7 2°75 
4 0-9 11 16 2-2 2˙8 2˙8 
2 1·2 1-2 18 2˙3 29 20 
2 1°6 1% 2-1 27 3˙2 3˙4 
3 17 16 2˙1 2˙8 3°6 3°6 
4 1% 1% 21 2˙8 36 
5 1% 15 2˙1 2˙8 8°6 86 
6 14 1°4 20 2°7 8°5 3°6 
7 13 13 1°8 2°5 8°4 8°6 
8. 12 12 17 2°4 33 3°5 
9 1-1 11 16 23 3˙2 3˙4 
10 10 10 1-4 21 81 82 
11 09 09 13 2°0 29 81 
12 : 08 08 12 1°8 2°7 80 


In this experiment as in Exp. III. the interval of time between 
two successive excitations was short. The characteristic contraction of 
veratrinised muscle was however none the less apparent and none the 
less persistent throughout. I find indeed that muscles veratrinised 
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by my method are always slow to lose their veratrin effect, and that 
they can be subjected to a very large number of stimulations, each 
following the last as soon as the contraction due to it has ceased, 
without the persistent contraction giving place to a simple twitch. The 
experiment also serves to show that the veratrin effect was very much 
more marked after the additional hour in veratrinised saline than it 
was at the end of the first half-hour, and that its efficiency had in 
nowise been impaired by the work it had had to do in lifting and sus- 
taining the different loads in 11 successive contractions previously. 


Exp. VI. March 14, 1897. The other gastrocnemius of the same frog 
as used for Exp. V. Prepared and left in normal saline on March 12. At 
9a.m. on March 14 it was suspended in the usual way and subjected to 
short tetanisations of 14 seconds duration only with different loads attached 
to it. The vibrator of the coil used gave 60 stimulations per second. The 
curves showed that it would then when tetanised lift 


10 grms, 4°7 mm. in ; sec. 
100 „ 50 „ẽ 
200 5˙⁰0 3 ” 
After a rest of over an hour in normal saline it was arranged again in the 
same way and subjected to a succession of tetanisations, each of about 
6 seconds duration, with the same loads attached to it as used in the ex- 
periment with the other (veratrinised) muscle; 140 seconds interval again 
being left between each two successive periods of excitation. Table A. shows 


the lifts of the different loads at successive moments after the beginning of 


A. (3rd day.) 
after Lifts in millims. of loads of 

1 400 300 200 100 50 10 

in seconds grms. grins. grins. grms. grms. grins. 
1 0˙8 0˙8 14 2˙0 2˙2 2˙1 
3 10 10 19 2˙9 2°8 3-0 
12 1˙8 2˙7 82 3˙1 
3 18 17 2˙8 8-4 3-0 3˙2 
1 2-1 19 29 8°5 30 3˙8 
2 2˙1 1°8 28 8°5 3˙0 3°3 
3 2˙0 16 2°7 34 30 3˙2 
4 19 15 2˙6 3˙3 2˙9 8°15 
5 18 14 2˙4 30 2°7 3˙1 
6 17 13 2˙2 28 2°5 — 
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It will be noticed that the 100 grms. was lifted to a greater height 
than the 50 or 10 grms., the 400 grins. to a greater height than the 300. 

After another hour’s rest in normal saline the same muscle was subjected 
to a series of tetanisations each of about 12 seconds duration, and the same 
interval between them as before. The results obtained from the curves then 
taken (1—1.30 p.m.) are given in Table B. 


B., same after an hour’s rest in 0°6°/, NaCl. 


her tora Lifts in millims. of loads of 
—.—— 400 300 200 100 50 10 
in seconds grms. germs. grins. grins. grins. grins. 


10 0°65 06 07 19 2°4 23 
11 0˙6 06 0°65 17 2˙3 2˙2 
12 06 06 06 15 20 2˙1 


A comparison of the Exps. V. and VI. shows that a muscle sub- 
jected to a series of rapidly repeated stimulations may at first lift a 
heavy load higher than a corresponding veratrinised muscle can lift it 
in response to a single stimulus, but that it becomes sooner exhausted 
and does not recover ‘itself so completely after a rest; so that after 
each muscle has done an equal amount of work and had an equally 
long period of rest after it (for this purpose Table B. of Exp. VI. is the 
one to compare best with the table of Exp. V.) the veratrinised muscle 
has decidedly the advantage over the tetanised one in its power of 
lifting and sustaining heavy loads. 


The experiments above recorded seem to me to show beyond the 
possibility of doubt that the contraction in response to a single stimulus 
of a muscle under the influence of veratrin is efficient both for lifting 
and sustaining heavy loads and for the developement of tension. The 
results are in accordance with those of the experiments of Fick and 


Böhm relating to heat-production in veratrinised muscle. Our own 
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7 0˙5 0˙5 0˙8 12 16 14 
3 06 06 09 2-0 2-6 2:8 
| 0-7 0-7 1-2 2.4 2˙8 8-2 
| 08 075 12 2-7 8:1 8-4 
1 11 0˙8 12 2˙9 8-2 
3 10 08 10 29 8-1 38 
| 4 09 08 09 28 8-0 8-2 
5 0°9 075 09 2.7 2-9 8:1 
| 6 085 07 085 26 27 2˙8 
| 7 08 065 08 2˙5 265 27 
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subsequent experiments with regard to the electrical response of vera- 


trinised muscle showed that this also has the character of that of 


tetanus produced by rapidly repeated stimulation, not that of a twitch. 
Evidence of this was given in the Croonian Lecture delivered before 
the Royal Society a few months ago, where also the experiments which 
are detailed in the present paper were briefly referred to. As is 
there pointed out “the fact that the veratrin spasm has the mechanical 
and electrical character of a continuous contraction is of value, not 
from its bearing on the mode of action of a particular chemical sub- 
stance, but from the evidence it affords that discontinuity is not 
essential to energetic display of contractile force’.” 


It may be useful in conclusion to indicate the conditions which are 
essential for the production of an efficient veratrin spasm, and to refer 
briefly to some experiments made with a view to determining them.— 
At ordinary room temperatures’ there seem to be two things essential, 
namely, (I) that the dose should be minute (Tho milligr. per gramme 
muscle is sufficient), and (2) that the capacity for imbibition of the 
muscle should be great. As regards the minuteness of dose, experiments 
showed that when solutions of 1 in 5,000, 1 in 10,000, or 1 in 50,000 
were applied to the gastrocnemius or sartorius muscle with a brush, the 
after-contraction (veratrin effect) if it appeared at all was always small 
in comparison with the twitch, that it was of short duration, and that it 
soon disappeared when the stimulus had been repeated a few times. 
When solutions of 1 in 100,000, 1 in 500,000, and 1 in 1,000,000 were 
applied in the same way, the veratrin effect if apparent at all was more 
marked and of longer duration, and the muscle would generally 
continue to give the same response to stimulation when stimulated 
several times in succession at intervals of a few seconds only. That 
the failure to get the characteristic effect with strong solutions was 
not due to the acidity of such solutions was ascertained by repeating 
the experiments with a carefully neutralised 1°/, solution serving as 
the stock solution. 

It happened however frequently that even with the weak solu- 
tions applied in this way to separated muscle no veratrin effect at 
all was indicated in the response, On the other nee muscles 


1 Burdon-Sanderson. Proc., R. Soc. uxv. p. 60. 1899. 

2 The alkaloid loses its effect at low temperatures, below about 10°C., and at very high 
ones, above about 25%. This subject has been worked out by Brunton and Cash. 
This Journal, . pp. 1—17. 1883. ; 
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which had not been intentionally treated with veratrin solution but 
which might possibly have been touched by the same implements as 
muscles which had, would frequently respond to stimulus like veratri- 
nised muscle, when moistened with norma! saline applied with a clean 
brush. Moreover when the first muscle prepared showed the veratrin 
effect well, subsequently prepared muscles of the same frog, brushed 


over with the same veratrin solution, often showed it not at all. At 


Prof. Gotch’s suggestion I then tried the effect. of veratrin on the 
hyoglossus muscle of the frog, injecting the solution into the lymph 
sac in which this lies. Injection of a few drops of a 1 in 100,000 solution 
almost always produced an effect, the muscle responding to stimulation 
by a greater and a more persistent contraction than before, the curve of 
which, it may be remarked, was seldom notched at all, and if at all but 
very slightly, the initial contraction and the veratrin contraction being 
continuous. This experiment with a muscle which was naturally pre- 
vented from drying suggested the method of injecting the weak solution 
under the skin of the leg of the frog before preparing its muscles, 
which was used in some of the experiments above recorded. The 
skeletal muscles so treated seldom failed to be affected by the alkaloid — 
so long as this was injected in sufficiently weak solution. A solution 
of 1 in 100,000 was generally used, and about } a cc. injected’. In 
those cases in which the veratrin effect did not appear on stimulation 
it could be made to do so by leaving the muscle for a few hours in 
physiological salt-solution. This method of treatment is recommended 
in Biedermann’s Electrophysiologie (p. 93) for bringing out the effect 
in muscles of a frog injected with veratrin, and suggested to me the 
method used in the greater number of experiments above recorded, and 


which I have found to be the surest for producing an efficient veratrin 


spasm, namely, that of placing the muscle immediately after its 


preparation in 0°6°/, saline, to which then, or subsequently, just enough 


veratrin was added to make the whole into a solution of 1 in a 
million. 
For muscles strongly dosed with veratrin such as those would be 


1 Muscles prepared within about 10 minutes of the injection, and also muscles which, 
after having been some time in salt-solution, were placed for a few minutes in a solution 
containing 1 part in 100,000 veratrin, frequently gave a peculiar form of response which I 
have not seen noticed in any papers on the subject by other writers. The peculiarity 
consisted in the very sudden relaxation of the muscle two or three seconds after it 
had passed into the characteristic persistent spasm of veratrin. After the muscle had 
been left in normal saline for a few hours it gave the usual response of a spasm from 
which it relaxed only very slowly and gradually. 
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which had been veratrinised by injection of strong solutions into the 
circulation, the efficacy of keeping in salt-solution might be dependent 
on a reduction of the amount of veratrin in the muscle. But inasmuch 
as the veratrin effect can also be brought out or its efficiency increased 
(see Exps. I. III. and V.) in muscles to which a weak solution only 
of veratrin has been applied, by keeping them in physiological salt- 
solution, this cannot be the sole explanation of the phenomenon. I 
hope soon to be able to determine whether the keeping in saline acts 
advantageously by merely promoting the penetration of the alkaloid, 
or by extracting from the muscle some substance or substances 
antagonistic to veratrin. Ringer’s experiments’ on the reciprocally 
antagonistic effects of veratrin and potassium salts on the ventricle 
of the frog’s heart led me in January and February 1898 to make 
similar experiments with skeletal muscle. I found in more than one 
instance that a muscle giving the characteristic veratrin contraction 
ceased to do so in a few hours, and responded instead by a single 
twitch, after 1—2 c.c. of a 1% solution potassium chloride had been 
added to the 30 C. c. of 1 in a million veratrin in which the muscle was 
kept. If however the muscle was then removed from such a solution 
and placed in pure 0°6°/, salt-solution, the veratrin effect reappeared in 
a few hours, the potash evidently diffusing out of the muscle more 
quickly than the alkaloid. __ 

Such experiments suggest, at least as a possibility, that the failure 
to get the veratrin effect in some muscles is due to the prevalence 
of potassium salts in them in such quantity as to be antagonistic to 
veratrin, the antagonism being greater at low temperatures than at 
moderate ones, 


All the experiments of which an account is here given were made 
under Sir John Burdon-Sanderson’s direction. I need therefore 
hardly say that I owe a great deal to his advice and assistance; my 
thanks are also due to Professor Gotch, who has taken an interest in 
the work throughout and made suggestions with regard to it. 


„ SUMMARY. 


Experimental evidence is given to show that : 
(1) The absolute tension developed in a veratrinised muscle when 
responding to a single stimulation is as great as that developed in 


2 Ringer. This Journal, v. p. 352. 1884. 
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a normal muscle in response to a succession of rapidly repeated 
stimuli, and that the maximum tension is maintained ſor several 
seconds. 

(2) A 8 muscle so stimulated. can lift and sustain heavy 
loads and retain its power of lifting and sustaining such loads at least 
as well as a tetanised muscle can. 

(3) To “veratrinise” a muscle in such a way as to produce its 
greatest efficiency it is necessary to use a very minute dose of veratrin 
and to secure its imbibition by the muscle. 

It is suggested that: 

(4) The production of the veratrin effect is 8 upon the 
absence of some substance or substances in the muscle which are 
antagonistic to the toxic action of the alkaloid. 
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THE ACTION OF THE VAGUS AND THE SYMPA- 
THETIC ON THE CESOPHAGUS OF THE TOAD. 
Br Dr PHIL. BOTTAZZI, Florence. (With 9 Figures in 
Text.) 


I HAVE made a series of observations on the effects of electric stimula- 
tion of the vagus and sympathetic on the esophagus of toads, not with 
the purpose of contributing anything new to the knowledge of the 
- innervation of this organ, but with the aim of studying the action of 
these nerves on a tissue formed by (unstriated) muscular cells. I may 
consequently pass over the numerous works on the innervation of the 
cesophagus. 

The cesophagus (or more strictly, its longitudinal muscular layer) 
was prepared after the method I have described earlier’. 

The isolation and preparation of the sympathetic, between the Ist 
spinal nerve and the trunk of the vagus, were made according to the 
method of Gaskell and Gadow“. 

The stimulation of the vagus, before it receives the fibres coming 
from the sympathetic, was usually made at its intracranial roots. 
Sometimes I stimulated also the portion of the M. oblongata containing 
the nucleus of the vagus, having beforehand severed this portion from 
the brain above, and from the spinal cord below, and having kept it 
in connection with the roots of the cranial nerves starting from that 
portion of the bulb. 

I have always employed as stimulus faradic currents of relatively 
feeble intensity so as to avoid escape. This precaution is most neces- 
sary, because we have here to stimulate nervous structures placed very 
close to each other. 


Direct stimulation of the esophagus. 


Before giving the effects of stimulation of the nerves, I must offer 
some remarks regarding the direct stimulation of the csophagus by 
means of the faradic current. 


1 This Journal, XxIv. p. 51. 1899. * This Journal, v. p. 362. 1885. 


5 
* 
. 
im 
4 
rs 
* 
a 
a 
4 
2 
E. 
7 
Aa 
K. 
* 
al 
K. 
Ag 
in 
ae 
— 
A 
iy. 


158 P. BOTTAZZI. 


As is shown by this tracing, the first stimulation (to the right), 
made by means of a rather feeble current, increases remarkably the 
tone of the muscle, whilst the elementary contractions, of reduced 


Fig. 1. Direct stimulation. Temp. 20°C. lcm. of the tracing corresponds to 14 mins. 
The numbers indicate the distance between the coils of induction apparatus; one 
Daniell's cell was used; the marks on the abscissa indicate the beginning and end of 
the several stimulations, in this case three. 

Note. The numbers and marks have the same signification in the later figures. 


amplitude, but more frequent, remain superposed on the tonic curve. 
Soon after ceasing the stimulation the muscle begins to contract as 
before. 

The second stimulation, made by means of a very strong current, 
produces a complete and very high contracture, which is not interrupted 
by elementary contractions, and is resolved slowly and gradually after 
the intermission of the stimulus. The muscle however does not return 
to the previous state of relaxation, although after a certain period it 
shows again the usual rhythmic contractions. 

Finally, a stimulation of medium intensity (sec. coil at 5), produces 
a rhythmic contracture (by this name I will indicate something like 
the rhythmic tetanus), in which however the single contractions are 
much shorter and more frequent than in the rhythmic contracture 
following on the first stimulation. 

Therefore, in these experiments, a prolonged faradic stimulation, if 
not excessively strong, excites in the unstriated muscle, besides a con- 
siderable increase of tonus, rhythmic contractions which are different, in 
rate, from the normal automatic contractions, and which become more 
frequent as the stimulus is stronger. 

In Fig, 2 the tracing on the right shows a rhythm artificially pro- 
duced by means of six faradic stimulations of short duration. The 
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muscle had ‘been already brought to a condition of contracture by a 
moderately long stimulation. The tracing on the left represents again 


Fig. 2. Direct stimulation. Temp. 18° C. 


-arhythmic contracture produced by means of a rather strong stimu- 
lation. Also in this case, the rhythm of the elementary contractions 
superposed on the tonic curve is quite different from the normal auto- 
matic one, and, as in the first case, probably is in connection with the 
intensity and duration of the stimulus. 


Stimulation of the common vagus-sympathetic trunk. 


The stimulation of that portion of the vagus, which contains sympa- 
thetic fibres, produces invariably a very high tonic contracture of the 
longitudinal muscle of the cesophagus—broadly speaking the height 
and the duration of the contracture vary diréctly with the intensity and 
the duration of the stimulus. 

After a certain period, however, the muscle begins to lengthen 
again, although the stimulation is continued. Rising rapidly, the curve 
reaches relatively soon its maximum; it shows then a complete con- 
tracture, without interruptions, but later on, and especially in the 
descending portion of the curve, which is more or less oblique on the 
abscissa according to the strength and duration of the stimulus, several 
elementary contractions appear, small at first, and more and more 
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pronounced afterwards, until the muscle reaches its previous condition 
of expansion. 


The phenomena ſollowing the stimulation of the trunk composed 


by fibres both of the vagus and sympathetic, although they represent 


the sum of the effects of the stimulation of both nerves, are similar to 
those resulting from the stimulation of the vagus alone (see later), 


evidently because this nerve governs the innervation of the cesophageal 
muscle. 


Stimulation of the sympathetic. 

I have usually isolated the sympathetic in connection with a portion 
of the 1st spinal nerve, in order to be able to handle the thin and short 
nervous trunk more easily. The stimulation was always made as far as 
possible from the junction of the sympathetic with the vagus. 

The stimulation of the sympathetic, on the right side as well as on 
the left, gives rise always to elementary contractions, which are higher 


* Stimulation of the sympathetic. Temp. 18 C0. 1 cm. of tracing corresponds 
to 103 mins, 


and more vigorous than the normal automatic ones, at the time. But 
the effect is of a transitory character, and further, no more than one or 
two contractions, higher than the normal ones, can be obtained by 
continued stimulation. 

The tonus of the muscle does not increase; on the contrary, when 
feeble currents are used, a certain expansion, immediate or delayed, 


is to be seen. Probably this expansion would be more conspicuous, 


were it possible to avoid completely an escape of current to the vagus. 
Repeated stimulations produce always the same effect, as long as the 
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muscle is fresh. I have never observed an inhibitory effect on stimula- 
tion of the sympathetic. 

The period of latent excitation is however long, especially when 
compared with that following the stimulation of the vagus. The latency 
is nearly 3 or 4 times longer than in the case of the vagus. 


Figs. 4 and 5. Stimulation of the sympathetic. Fig. 4. Temp. 19°C. 
Fig. 5. Temp. 20°C. 1 em. of tracing corresponds to 21 mins. 


Figures 3, 4 and 5 show the effects of stimulation of the ane 
alone. 


Stimulation of the vagus roots and of the M. oblongata. 


The vagus must be considered as the true motor nerve of the 
longitudinal muscle of the cesophagus. 

The stimulation of the intracranial roots of this nerve, as well as of 
its nucleus in the M. oblongata, produces always a more or less strong 
and durable shortening of the muscle. That is to say, the tonus of the 
muscle increases, and sometimes to a very considerable extent. 


_~— Stimulation of the intracranial vagus. Temp. 20°C. 1c. c. of the 
tracing corresponds to 21 mins. | 


The rise in the curve is relatively rapid (after a short latent period). 
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Superposed on the tonic curve, single elementary contractions may be 
observed, but I attribute them in large part to variations in the 
intensity of the current, because in some other cases the tunic curve 
is uninterrupted. Only on the descending portion of the curve, after 
cessation of the stimulus, undoubted elementary contractions are to be 
found; they are small at first, and later on more and more conspicuous. 
This portion of the curve is always very oblique and inclined on the 
abscissa, that is to say, the expansion of the muscle takes place very 
slowly. As a delayed effect of the vagus stimulation, a decrease in 


number of the elementary automatic contractions sometimes occurs. 


In Figs. 6, 7 and 8 are shown the effects of stimulating the roots 


ol the vagus and of stimulating the M. oblongata. 


Fig. 6 shows that the second and third stimulations produce a 
greater effect, probably in consequence of an increased irritability of 
the muscle after the first excitation. Between the second and third 


stimulation, ample “tonus oscillations” spontaneously appear; and 1 


should like to point out this effect, because I shall refer to it in a 
Paper on the action of vagus and sympathetic on the auricle of Emys 
europea, to be published shortly. 


Fig. 7. Stimulation of the intracranial vagus. Temp. 20°C. 1 C. 0. = 14 min-. 


Fig. 7 shows the way in which the contracture increases and the 


descending portion of the curve becomes more and more oblique in 
accordance with the increasing strength of the stimulus. 

I have not succeeded in obtaining certain inhibition of the longi- 
tudinal layer of the cesophagus by stimulating the vagus intracranially, 
notwithstanding that I have made many experiments with currents of 
different intensity. Occasionally slight relaxation occurred on stimula- 
tion, but similar relaxations were found to occur spontaneously. In 
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one case only (Fig. 9) did there appear to be distinct inhibition. But 
if the effect shown is really inhibition it is difficult to understand why 
no such effect was obtained in so many other cases. 


Fig. 8. Stimulation of med. obl. Temp. 18°C. 1c.c. = 14 mins. 


Perhaps the vagus acts more evidently as an inhibitory nerve on 
the circular layer of the esophagus, as Langley’ has recently observed 


Fig. 9. Stimulation of the intercranial _— Temp. 18°C. 


on the cardia. But so far I have not been able to make reine 
to test this possibility. 


1 This Journal, XXII. p. 407. 1898, 
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CONCLUSIONS. 


1. Direct stimulation of the esophagus with faradic currents 
causes contracture of the longitudinal muscle; the contracture is. 
rhythmic when the stimulus is rather weak; it is complete when 
the stimulus is very strong. 

2. On stimulating the common vago-sympathetic trunk, the action 
of the vagus prevails. 

3. Stimulation of the roots of the vagus or of the M. oblongata 
raises the tonus of the longitudinal layer of the esophagus, producing 
a contracture more or less conspicuous according to the strength of the 
electric stimulus. This contracture, according to my hypothesis’, is 
the expression of excitation of the sarcoplasmic material of the plain 
muscular cells. 

4. Stimulation of the sympathetic gives rise to a relatively pid 
contraction of the esophageal muscle, without any increase of tonus. 
This contraction may be considered as the expression of excitation of 
the (very scanty) anisotropic material of the muscular cells. 

5. According to these results, we may suppose that the vagus and 
the sympathetic act on different materials of each muscular element, 
and in a different way. 


1 This Journal, XXI. p. 51. 1899. 
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THE INFLUENCE OF BILE, OF ACIDS, AND OF 
ALKALIS ON THE PROTEOLYTIC ACTION OF 
PANCREATIC JUICE. By B. K. RACHFORD. 


Dr Southgate and I published, in 1895, the results of some ex- 
periments on the influence of bile and combined hydrochloric acid 
upon the proteolytic action of pancreatic juice’. These results have 
been questioned, by Chittenden and Albro*, on the ground that 
similar results are not obtained when pancreatic extracts are used in 
the place of pancreatic juice. It is perhaps hardly necessary to point 
out that experiments with pancreatic extracts cannot be taken as 
decisive as to what will happen when pancreatic juice is employed. 
Nevertheless in view of the position taken by Chittenden and Albro, 
I have with the aid of Dr Southgate made further experiments on the 
subject. | 
Method. 
All the pancreatic juice, employed in these experiments, was 
obtained from rabbits by a method devised by me and first published 
in this Journal, XII. p. 72, 1891, and recently improved and again 
published in detail in the American Journal of Physiology, II. p. 483, 
1899. 

The bile, used in all of these experiments, was fresh rabbits, 
bile taken from the same animals which furnished the pancreatic 
juice, and in nearly all of the experiments it was filtered before 
using. 

The proteid employed was purified and dried blood fibrin prepared 
by washing with water, extracting with cold and boiling alcohol, and 
lastly with ether. It was then ground to a fine powder, dried and 
weighed at 100°C. All of the weighings were made by a competent 
assistant and the powders were delivered to me along with carefully 
weighed and marked filter papers. At the close of each experiment 
the filter papers, containing the undigested residues of fibrin, were 


} Medical Record, 1895, p. 878. 
American Journal of Physiology, 1. p. 307. 1898, 
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dried and weighed at 100°C. and the result sent to me. The assistant 
who did the weighing knew nothing of the contents of the digestion 
tubes or returned filter papers, This precaution was taken for the 
purpose of avoiding such slight errors as might unconsciously occur 
from a knowledge of the contents of the weighings. The digestive 
mixtures, used in these experiments, were placed in test tubes of large 
calibre, especially prepared for this purpose, which were kept in a water 
bath at 38°C. They were equally stirred while the digestive process 
was going on. At the close of the experiment the undigested residues 
were collected on weighed and marked filters, and after being thoroughly 
washed were delivered to = assistant to be dried and weighed as 
previously described. 

The experiments recorded in this paper were, as a rule, commenced 
by the collection of the pancreatic juice about eight o'clock in the 
morning, so that by three o’clock in the afternoon from three to four 
c. of pancreatic juice would be obtained. During this time the 
pancreatic juice, from the two or three rabbits operated upon, was 
placed in a common receptacle and kept in a cool place. The juice 
was equally divided between the digestion tubes of one or more 
experiments. This insured the relative accuracy of the results, since 
each digestion mixture of an experiment contained the same quantity 
of pancreatic juice uniform in physiological action. Corresponding 
tubes of different experiments, however, cannot be compared because 
of the variation in strength of the different specimens of pancreatic 
juice. 

The digestion experiments were commenced about four o'clock in 
the afternoon, and continued until about eleven o'clock at night. The 
filter papers containing the undigested residues of fibrin were placed in 
the oven about midnight; in some experiments earlier, in others later. 
It will thus be seen that an experiment required from seventeen to 
eighteen hours of constant watching. 

I am not prepared to say that experiments made with pancreatic 
juice, collected under the above conditions, are more reliable than those 
made with pancreatic extracts. Yet I fail to see why results obtained 
from natural pancreatic juice do not constitute a method more nearly 
resembling the conditions under which proteolysis takes place in the 
duodenum ; and further than this it occurs to me that if the fresh bile 
and pancreatic juice of the same animal be commingled in the digestion 
of fibrin the conditions would even more closely resemble "pancreatic 
proteolysis as it occurs in the carnivora, 
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In some comparative anatomy studies’, made in 1891, I called 
attention to the fact that the more exclusively carnivorous the animal 
the more certainly will the bile and pancreatic juice be poured into 
the duodenum through a common opening, and the more closely will 
this opening approach the pylorus. In the lion this opening is only 
6 cm. from the pylorus ; in the tiger 5 em.; in the leopard 4 em.; in the 
wild cat 3 cm.; and in a number of other carnivora this distance is 
less than 2cm. In a few animals such as the bear, the badger, and the 
fox, there is an apparent exception to the above rule. In these animals, 
however, although the ducts do not have a common opening they enter 
the duodenum almost upon the same level, so that, by this arrangement, 
the bile and pancreatic juice are mixed directly they are poured into 
the intestines. 

That this preliminary mixing of bile and pancreatic juice so 
near the pylorus, in carnivorous animals serves a physiological purpose 
cannot be doubted, and it seems very improbable that this purpose 
is served solely in connection with fat digestion? and without reference 
to the far more important proteid digestion in these animals. 

However this may be, this arrangement suggests that the ideal 
method of studying pancreatic proteolysis as it takes place in the 
carnivora, is one that uses the pure juice and the fresh bile of the 
same animal, and subjects them to preliminary mixing before they are 
brought into contact with proteids. This suggestion has even more 
importance when one remembers, as Chittenden and Albro have so 
clearly noted, “how radically bile from different species of animals 
differs in composition.” 

When rabbit's bile is used with rabbit's pancreatic juice, we are 
imitating conditions which nature has evolved for the digestion of food 
stuffs in the small intestine of this animal. It would seem therefore 
that results obtained by this method would be of value in assisting to 
interpret the digestive processes normally going on in the intestine of 
man. Surely such experiments cannot be less valuable than those 
obtained from pancreatic extracts commingled with the bile of different 
species of animals, 


Influence of bile on the proteolytic action of pancreatic juice. 
Chittenden and Albro conclude, “That the addition of fresh 
bile to a neutral pancreatic extract does not give rise to any great 


Medicine. December, 1895. 
* This Journal, xn. p. 72. 1891. 
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degree of stimulation, i. e., the proteid digesting power of the enzyme 
is not markedly increased.” And they further add that, “in no one 
of our experiments do we find a confirmation of the results reported 
by Rachford and Southgate, who found on an average that the 
proteolytic action of pancreatic juice was increased one-fourth by the 
addition of bile.” 

As the following table will show, I, on the other hand, am unable, 
working with pancreatic juice, to confirm the results, as to the 
impotency of bile, which Chittenden and Albro obtained working 
with pancreatic extracts. 


TaBLE A. 
Influence of bile on the proteolytic action of pancreatic juice. 
No. of Duration Fibrin Water Bile Pancreatic Loss of wt. 
exp. in hours in grms. in c. e. in e. e. juice in 0. e. in grins. 
I. 8 398 10 0 2⁴ 061 
8 399 10 369 2⁴6 093 
8 899 10 369 246 089 
1 7 400 6 0 2⁴6 075 
7 400 6 184 246 105 
7 400 6 184 096 
Il 6 400 7 0 246 065 
6 400 7 184 246 097 
6 400 184 089 
IV 8 400 10 3 369 078 
8 400 10 2⁴6 369 091 
8 40⁴ 10 2⁴6 369 109 
V 6 400 7 0 431 146 
6 400 7 184 431 158 
6 400 7 18⁴ 481 179 
vr 8 400 6 0 492² 097 
8 40 6 184 492 130 
8 400 6 184 492 127 
VII 6 400 6 0 616 146 
6 *400 6 184 616 187 
VIII 4 400 * 0 616 096 
4 400 7 184 616 122 
IX 6 400 6 0 616 113 
6 400 6 184 616 180 
X 8 407 10 0 677 ‘070 
8 402 10 869 677 087 
8 407 10 369 677 079 
XI 4 402 10 0 139 098 
8 401 10 369 “739 184 
8 401 10 369 789 128 
40 6 0 139 180 
6 400 6 184 7³⁰ 178 
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An examination of this table clearly demonstrates that when 
fresh rabbits’ bile is added to fresh rabbits’ pancreatic juice, acting 
upon neutral fibrin, the proteolytic power of the juice will be markedly 
stimulated, and in most of the experiments the juice is able to do’ one- 
fourth more work by reason of the a of the bile. | 


B. 
Influence of bile on 2 carried on by 
in hours in gr ma. juiceine.c. . 
I 400 10 0 369 
14 -400 10 “854 309 „151 
n 14 597 10 0 616 118 
14 40 10 869 616 001 
14 406 10 369 616 096 
eee 12 400 10 862 862 125 
12 2900 10 862 86622 129 
889 10 0 924 189 
369 92⁴4 146 


In the above table I hive grouped a series of experiments in which 
the digestive process was allowed to go on for twelve or more hours. 
The putrid odour, which developed in all of these tubes, showed that 
organized ferments, along with the trypsin, were taking part in the 
proteolysis. While these experiments have no value in the study of 
pancreatic proteolysis, yet when the results obtained from this series 
are compared with those obtained from a study of Table A., one is led 
to conclude that bile has an influence in limiting or retarding the 
fermentation which is carried on by organized ferments. In only one 
of these experiments, No. IV., do we find the bile tube doing more 
proteolytic work than the tube in which the pancreatic juice acted 
without the influence of bile. In Exp. IIL the bile tubes and the non- 
biie tube do practically the same work, while in Experiments I. and II., 
which lasted fourteen. hours, we find that the pancreatic juice acting 
alone does more proteolytic work than it does when acting in the 
presence of bile. The inference seems plain that in the fourteen hour 
experiments the bile was able to so limit bacterial action that the 
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170 B. K. RACHFORD. 
pancreatic tubes containing no bile were able to do the most proteo- 


lytic work. I am therefore of the opinion that rabbits’ ‘bile, while it 


expedites the fermentation carried on by the pancreatic enzyme, trypsin 
retards the albuminous fermentations carried on by organized ferments. 
This view seems to favour the opinion that bile by e bacterial 
action may act as an intestinal antiseptic. 


of combined cit wpm the protic 
action of pancreatic juice. 
In the following experiments the degree of saturation of the fibrin 


was estimated from careful experiments, made expressly to determine 
the point of saturation of the fibrin used in these experiments, with 


_the carefully tested hydrochloric acid solution here employed. The 


presence or absence of free hydrochloric acid was determined by a 
0˙5 per cent. alcoholic solution of dimethyl-amido azo-benzol. 

Chittenden and Albro state that “the combined or free acid 
which passes from the stomach through the pylorus is without doubt 
quickly removed by absorption or destroyed by neutralization.” And 
that, the evidence is certainly in favour of the view that the contents 
of the duodenum are generally alkaline.” Apart from this statement 
of Chittenden and Albro I have not been able to find any evidence 
pointing to alkalinity of the contents of the duodenum in the carnivora. 
At what part of the intestinal canal in carnivorous animals its contents 
cease to be acid and take on an alkaline reaction does not appear 
in their paper; nor is this matter made clear by the research of 
Moore and Rockwood! which they quote, as offering the best 
evidence of the early disappearance of the acid in the upper portion 
of the small intestine. All the evidence, in fact, which these authors 
present leads to the inference that in carnivorous Animals fed on 
proteids the “upper portion” of the small intestine is usually acid 
and the “lower portion” is faintly alkaline, These results they 
obtained from the dog and cat, the only earnivora upon which they 
operated, And I may add that these views are in accord with those 
generally accepted by physiologists to-day. 

The experiments recorded in the tables which follow were planned 
with the purpose of studying the influence which these conditions 
would have on the proteolytic action of pancreatic juice. i 


1 This Journal, XXI. p. 878. 1897. 


5 
23 
4 — 
‘ 
‘el 
; 
| 
i 
| | 
14 
i 
1 
1 
1 
i 
ga 
| 
1 
14 
aa 
1 
14 
Be 
14 
1 
1 
aa 
| | | 
1 
. 
2 
5 


PANCREATIC DIGESTION. 171 


TABLE C. 


Influence of combined HCl on the proteolytic action of pancreatic juice. 


No. of Duration Fibrin Degree Water Pancreatic of wt. 
exp. in hours in grms. in c. e. juice in c. c. in grins. 
1 44 398 0 7 +246 114 
44 -400 1 7 546 105 
1 -400 246 065 
8 1 2⁴⁶ 078 
III 7 -400 6 246 065 
7 40 1 6 2⁴ 078 
IV 7 400 0 7 309 2¹7 
400 7 309 225 
v 65 40⁰ 0 7 369 “146 
64 400 1 7 869 162 
VI 400 0 7 431 ‘130 
6 400 ; 7 431 ‘179 
vn 8 400 0 6 492 12¹ 
400 j 6 492 12¹ 
1 8 4⁰⁰ 55⁵⁴ 097 
8 400 6 554 031 
IX 6 400 0 fi 616 1¹ 
6 400 6 616, ‘118 
x 6 +400 0 6 616 146 
6 -400 6 616 105 
xl 4 400 0 7 616 696 
4 -400 1 7 616 11 
XII 6 400 0 6 789 ‘180 
6 400 1 6 139 162 
XIII 8 398 0 10 2⁴⁶ 161 
8 -400 ae 10 446 057 
XIV 246 * 
8 10 246 0⁴⁵ 
XV “400 0 10 869 047 
400 0 10 ‘B69 ‘172 
14 400 3069 “157 
14 400 rt 10 369 162 
14 400 free acid 10 369 101 
xv 12 384 0 10 92⁴ 139 
12 401 10 924 ‘Ll 
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In the above table the “degree of saturation,” refers to the condi- 
tion of the fibrin before the pancreatic juice was added. In none of 
the tubes, except one of Exp. XVI., was there any free acid present. 

By a study of Exps. I. to XII. inclusive, we are led to believe 
that fibrin one-half saturated with hydrochloric acid, is as readily acted 
upon by pancreatic juice as is neutral fibrin. The amount of proteo- 
lysis that occurred in the tubes containing hydrochloric acid will be 
found almost, if not quite, to equal that which took place in the tubes 
where pancreatic juice was acting upon neutral fibrin. 

If, however, we study Exps. XIII. XIV. XV. XVI. and XVII. we 
find that when the fibrin was nine-tenths saturated with hydrochloric 
acid the proteolytic power of pancreatic juice was considerably retarded. 
In Exp. XVI. we also note the more marked influence which free acid 
had in retarding the proteolytic action of pancreatic juice. 

The results of these experiments differ. radically from those of 
Chittenden and Albro, who found “that even a few thousands of 


one per cent. of combined hydrochloric acid sufficed to exert an 


inhibitory influence on proteolysis, and with a sufficient amount of 
combined acid alone proteolysis may be almost completely checked.” 

My own experiments, however, lead to the conclusion that. when 
rabbits’ pancreatic juice is added to fibrin, one-half saturated with 
hydrochloric acid, it will do almost as much work in proteolysis as 
when added to neutral fibrin. When, however, the fibrin is nine-tenths 
saturated with hydrochloric acid the proteolytic action of the juice is 
retarded. And Experiment No. XVI. indicates that a certain amount 


of pancreatic proteolysis 828 go on even in the presence of free hydro- 
chloric acid. 


Influence of bile and combined hydrochloric acid on the 


In these experiments “the degree of saturation” refers to the 
condition of the fibrin before the bile and pancreatic juice are brought 
into contact with it. That is to say, I have attempted to study the 
influence which definite quantities of bile and pancreatic juice would 
have upon fibrin one-third, one-half, nine-tenths, 
saturated with hydrochloric acid. 

In none of the digestion tubes of this table was shine any free acid. 
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Taste D. 
Influence of bile and combined hydrochloric acid on the proteolytic 
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Pancreatic Loss of 
juice in c. o. 


wt. in grms. 
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i No. of Duration Fibrin ‘saturation Water Bile 4 
exp. in hours ingrms. with HCl in c. c. in c. o. 
XVI 400 0 6 0 616 
400 6 184 616 
i a 
XVI 6 4400 0 6 
400 1 6 | 

| 4 5000 0 20 

43 500 1 20 

XIX 4 500 0 20 
20 

| 44 500 A 20 | 

| 1 500 0 20 0 369 
4 500 os 20 616 369 
4 500 W 20 616 369 

i XI 49 500 0 0 677 

43 ‘500 ts ‘139 ‘677 | 
43 500 vs 739 677 
41 500 139 677 
10 XI 14 -400 0 10 0 309 138 
| | 14 400 Ys 10 369 309 101 
14 400 10 360 309 102 
XXIII 14 400 0 10 0 ‘369 
14 400 Ys 10 564 369 
i XXIV. 8 40 0 10 0 860 
| 10 26 3669 
10 246 3569 
XXV 14 400 0 
14 10 869 616 
10 0 677 | 
10 569 677 
| | 10 569 677 : 
tt XXVII 12 10 0 862 : 
10 „5 10 862 862 
10 ‘862 862 | 
XXVIII 12 400 0 10 “139 
| 400 10 369 924 0000 
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In the study of the above table one notes, that in experiments from 
I. to V. inclusive 0˙5 grins. of fibrin, one-third saturated with hydro- 
chloric acid, were delivered to definite quantities of bile and pancreatic 
juice, and that in every instance slightly more work was done in the 
tubes containing acid fibrin, than in those in which neutral fibrin was 
acted upon by pure pancreatic juice apart from the influence of bile 
and combined hydrochloric acid. | 

On further examination of this table one is stick ith the fact 
that in the twelve experiments from VI. to XVII. inclusive, 0:4 grms. 
of fibrin, one-half saturated with hydrochloric acid, were delivered to 
definite quantities of bile and pancreatic juice, and that here again 
the greatest amount of proteolysis, in all except three, took place in 
the tube in which the bile and pancreatic juice were acting upon acid 
proteids, 

Again, referring to the table, one finds that the four experiments, 
from XVII. to XXI. show a slight decrease in proteolysis in the tubes 
containing fibrin seven-tenths saturated with hydrochloric acid. 

In the last seven experiments embraced in the above table, an 
effort was made to study the influence of definite quantities of bile and 
pancreatic juice acting upon fibrin nine-tenths saturated. Of these 
seven experiments the combined hydrochloric acid retarded the proteo- 
lytic action of the pancreatic juice in all but one. Yet the retardation 
in most of these experiments was not very great. 

A careful examination of this table does not enable me to agree 
with Chittenden and Albro, that “combined acid alone tends. to 
retard pancreatic proteolysis, and the addition of bile to such mixtures 
increases still further the extent of retardation.” On the other hand- 
I am led to the conclusions that a small quantity of combined hydro- 
chlorie acid, not greater than one-half saturation, will but slightly 
diminish the proteolytic action of rabbits’ pancreatic juice, and that 
when rabbits’ bile is added to these mixtures an increase in —" 
is attained. 

My experiments indicate, however, that when 3 acid is 
present in such quantities as to more than half saturate the fibrin it 
somewhat retards the proteolytic action of pancreatic juice, even though 
bile be present, and still greater retardation occurs with increasing 
quantities of hydrochloric acid. Nine-tenths’ saturation considerably 
retards but by no means destroys the per action of e 
juice. 
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| Influence of bile’ and free hydrochloric acid on the 
“proteolytic action ‘of pancreatic juice. 


The study of this question is attempted in the 1 table: 
In alll ‘the experiments included in this table the acid tubes contained 
free hydrochlorie acid, even after the bile and pancreatic juice were 
added, and a number of these tubes, as will be seen, contained acid far 
in excess of the amount required to neutralize the bile and pancreatic 
juice and saturate the fibrin. The acid determinations were made with 
per cent. alcoholic solution of azo-benzol. 


E. 
Infuones of ile anc foes acid om the, action 
| 
| Hydrochloric 
in hours in grms. juice in c. Reaction 
1 8- 602 0 - 10 — 184 — 083 
8 499 007 10 — 18⁴ acid 019 
0. 309 — 108 
14 %% 10 8 seid 
14 10 369 “309 acid 084 
14 400 010 10 369 309 acid 080 . 
m4 20 0 300 — 098 
4 © 8 040 
„ 400 0007 20 616 309 acid 049 
0 309 — 76 
500 00 20 616 ‘309 acid 041 
500 007 20 ‘616 309 acid 087 
VVV 20 616 309 acid 
800 — 172 
00 10 0 369 001 


In every acid tube of the five experiments here recorded a marked 
retardation in proteolysis occurred, but in none of them was the 
proteolytic power of the pancreatic juice wholly destroyed. In most 
of the tubes the amount of work done by the bile and pancreatic juice, 
acting upon fibrin super-saturated with hydrochloric acid, was almost 
half as great as that done by pure pancreatic juice acting upon neutral 


fibrin. Under the conditions, therefore, noted in the above experiments 


free hydrochloric acid will greatly inhibit, but will not wholly destroy 
the proteolytic action of rabbits’ pancreatic juice, acting in the presence 
of rabbits’ bile upon blood fibrin. 
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upon the proteolytic action of 
dilute solutions of pancreatic juice. 


By reference to the preceding tables it can readily be seen that the 
proteolytic action of pancreatic juice is greatly weakened by dilution. 
That is to say, the most proteolytic work, as a rule, was done in those 
tubes which contained the largest quantities of pancreatic juice and 
the smallest quantities of water, and the least amount of proteolytic 
work was done in those tubes which contained the smallest amounts of 
juice and the largest amounts of water. 

Upon theoretical grounds this would seem to be a serious e 
to thorough proteolysis in the intestinal canal, since this process re- 
quires hours for its completion, and occurs not alone in the duodenum, 
but probably throughout the greater portion of the small intestine. 

These inferences and deductions naturally suggest an inquiry into 
the influence which the sodium carbonate and alkaline intestinal con- 
tents of the lower ileum and jejunum would have upon the proteolytic 
action of pancreatic juice. The few experiments in the following table 
were designed to study this question. 


| F. | 
Influence of sodium carbonate on the proteolytic action of dilute 
| solutions of pancreatic juice. | 


No. of _ Fibrin ater Pancreatic Loss of wt. 
exp. in hours in grms. in grms. in e. c. in e. c. Juice in c.. in grms. 
1 43 50¹ 0 20 0 “246 054 

4 503 050 20 0 ‘246 -065 

43 “505 “100 20 0 246 068 

44 “501 “050 20 616 246 078 

43 501 ‘100 20 616 2⁴⁶ 062 

I 44 “502 0 20 0 809 076 
505 050 20 0 809 127 

44 508 10⁰ 20 0 309 188 

43 50¹ 050 20 616 309 ‘120 

44 ‘100 20 616 309 125 

43 502 0 20 0 085 
43 “504 025 20 616 092 

43 500 050 20 616 492 088 

43 505 “025 20 0 492 096 

43 “505 050 20 0 093 

43 506 100 20 0 492 097 
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The favourable influence which sodium carbonate has on the proteo- 


lytic action of dilute solutions of pancreatic juice is here shown. This 


influence is most marked in Exp. II., wherein we have the fact clearly 
demonstrated that sodium carbonate will stimulate dilute pancreatic 
juice to increased proteolytic work. 

I do not wish however to convey the idea that 8 carbonate 
has this power only in dilute solutions of pancreatic juice. I did not 
study the influence of sodium carbonate on the proteolytic action of 
pancreatic juice under other conditions than those named in this table, 
and have, therefore, limited my conclusions to its influence on dilute 
solutions of the juice. 

From all the evidence, presented in this paper, I am led to believe 
that the conditions which prevail throughout the entire small intestine 
in carnivorous animals are favourable to the proteolytic action of pan- 
creatic juice. In these animals when the proteid food, partially 
saturated with hydrochloric acid, is discharged from the pylorus, it 
at once comes in contact with the mixture of bile and pancreatic 
juice, and immediately the trypsin finds itself under conditions most 
favourable for its proteolytic action. These conditions prevail for a 
short time only, when the pancreatic juice more or less weakened by 
dilution, as it passes down the intestinal canal, is called upon to act 
in the presence of sodium carbonate in the lower and alkaline portion 
of the ileum; and here again we find these conditions very favourable 
for the proteolytic enzyme of the pancreas. If the above conditions, as 
assumed, be correct, then throughout the entire small intestine, trypsin 
finds itself under conditions more favourable to its proteolytic action 
than if it were acting, chroughopt the canal, upon neutral fibrin in 
neutral solution. | 


3 
2 1 = 
4 4 
4 
11 
at 
i 
a 
| | 
} 
14 
} 
| 
3 
i | 
14 
| | 
ii 
1 
| | | 
i 
1 
| 
| | 
i 
if 
| 
1 
11 
| 


CONTRIBUTIONS TO THE PHYSIOLOGICAL EFFECTS 
OF PEPTONE WHEN INJECTED INTO THE 
CIRCULATION. Br W. H. THOMPSON, MD., FRCS. 


(Eng.) (One in Text.) 


) Part V. The Influence of Peptone and Albumoses on 
the Urinary Secretion. 


(From the . Laboratory, Queen's College, Belfast.) 


A DETAILED account of the results of most of my experiments under 
the above heading has already been given in the Report of the British 
Association for 18981. Here I confine myself to additional experi- 
ments carried out since that report and to the general conclusions 
which may be drawn from the whole series. The later as well as the 
earlier experiments were made upon anesthetised dogs. 

The injection was made as before into the external saphenous vein, - 
and the fluid introduced slowly in order to avoid lowering of blood- 
pressure. During this period, as well as during the subsequent 
collection of urine from the ureters, a record of carotid blood-pressure 
was taken. The tracing was not continuous, but was made at 
intervals of one minute while the injection proceeded, and at intervals 
of fifteen minutes afterwards, for a period varying from three to 
seven hours. 

The following figure represents such a tracing taken from a deutero- 
proteose experiment. No deviations of importance were observable 
when other products were employed. 

The duration of the injection in the above experiment lasted twelve 
minutes, in most of the others it was somewhat longer. The sub- 
sequent collection of urine extended over four hours. In the second 


1 “The Physiological Effects of Peptone and its Precursors when introduced into the 
Circulation.” Second Interim Report of “ Peptone” Committee. Brit. Assoc. Reports, 
1898, p. 720. 
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Fig. 1. Curve of carotid blood-pressure from Exp. XIV. taken at intervals of one minute 3 the injection of deutero- 
proteose and at intervals of fifteen minutes during the subsequent collection of urine. | 


hour, one of the fifteen minute 


records was overlooked. 


1. Influence on the quantity 
of urine. | 


I found in the earlier experi- 
ments that the several bodies dis- 


solved in physiological salt solution, 


caused a considerable increase in 
the rate of urinary outflow, which © 
reached its maximum in the second 
hour after the injection. Control 
experiments however showed that 
the solvent itself produced a similar 
increase. I think therefore that 
the diuresis observed after the in- 
jection of peptone or one of the 
albumoses, must be attributed main- 
ly if not wholly, to the influence 
of the salt solution injected with 
it. 

Two more experiments were 
made with hetero- proteose dissolved 
in a minimum quantity of caustic 
soda solution (0˙2 % , the required 
standard of injection, 4 c. c. per kilo 
of animal weight being made up 
with salt solution. 

Two additional experiments were 
like wise made with deutero-proteose. 
The results of these four experi- 
ments are given in the following 
table. 
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PEPTONE AND URINARY SECRETION. 181 


Taste I. Quantity of wrine secreted per hour in cubic centimetres. 
(The injection was made at the end of the first hour.) 


Exp. Hour! Hour2 Hon Hour 5 dog fe 


| Hetero-proteose. 
23 18°1 38 ˙3 38˙2 15°5 10°38 12 45 ee. 
24 16°5 87°9 55-1 28-2 it 50 „ 
Deutero-proteose. 
25 8 14 19°1 23:1 44:8 13 50 cc, 
26 11-1 27 ·5 22˙9 10˙7 „ 11 50 „ 


Taking the average yielded by all the experiments, twenty-six in 
number, we get for the first hour or normal secretion 12 C. c., for the 
second hour, that immediately following the injection 38°6 C. c., for the 
third hour 59°8 c. c., for the fourth 30°7 cc., and for the fifth 19°8 cc. 
Corresponding to this increased outflow there was an average injection 
made of 37°5 C. c. of fluid. 

In the period covered by the four hours after the injection, there 
was therefore a much greater additional quantity of fluid excreted than 
was introduced into the circulation. Thus assuming the normal rate of 
outflow to be constant and to be represented by that for the first hour, 
it comes out that an average of 102 c.c. of urine was excreted in the 
period we are dealing with, over and above what would be the normal 
total for the same time, a deduction being made for the amount 
injected. That is to say, on this basis, and for this period of time, 
there was an augmentation of 272% in the urinary outflow. 

All of the experiments however did not show this remarkable 
increase, two showed none and others no more than could be attributed 
to the mere quantitative influence of the fluid injected. No satisfactory 
explanation to account for these deviations was apparent. 

If the blood-pressure tracing be compared with the hourly output 
of urine, it results that during the third hour, that of maximum 
secretion, there was a fall in the curve, followed by a subsequent return, 
this, though not always so well marked as in the figure given, was 
practically a constant feature. The cause of the increased flow of urine 
cannot therefore be ascribed to an augmented blood-pressure. It is 
conceivable however that the fall of pressure may be due to vascular 
dilatation in abdominal viscera, including the kidney. Some experi- 
ments to determine this point are in progress. 

It will be apparent on consideration. that although the third hour, 
which showed a depression in the blood-pressure curve, yielded the 
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Further observations on the changes in the reaction of the urine 


W. H. THOMPSON. 


bore out those already given. 


‘most urine, it does not necessarily follow that the actual maximum 
point of the urinary secretion should fall within this period. 

To settle this question, in several of the later experiments a 
quarterly hour record of urinary outflow was made, side by side with 
that of blood-pressure. By this means it was definitely established 
that the maximum of secretion occurs with few exceptions in the first 
half of the third hour, when blood-pressure has in most cases consider- 


2. Influence on the excretion of nitrogen and of urea. 


(a) Percentage output. In the former experiments it was shown 
that the urine secreted was very dilute, and that the dilution ran 
parallel in nearly all cases with the increase in outflow. As a result, the 
percentage amounts of nitrogen and of urea suffered a considerable 
decrease. The following table gives similar results from the additional 


experiments. 


TasBLe II. Showing the quantity of total nitrogen per cent. in 
the wrine secreted. (Hupressed in grammes.) 


Ww 
23 12 
24 13 
25 13 
26 13 


Calculating averages from the whole, it comes out that the normal 
samples contained a mean of 2°72°/, total nitrogen expressed as such, 
the urine of the second hour a mean of 1°54 %, that of the third 0°66 %, 
that of the fourth 0°98 °/,, and that of the fifth 1:35 % total nitrogen. 

The percentage output of urea suffered a similar, though not 
identical decrease, with subsequent return towards normal. The want 
of parallelism proved to be mainly due to an excretion of part of the 
proteid during the second hour. The following 


Hour 1 Hour 2 Hour 8 
Hetero-proteose. 

1°422 1-086 0°622 

2°534 1°604 0°734 
Deutero-proteose. 

2-500 2°856 1070 


2°383 15770 1˙176 


for the four additional experiments. 


Hour 4 
0°890 
1°103 


2˙016 


Hour 5 


1-596 
2˙184 


0˙543 


table shows this output 
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TARLA III. Showing the quantity of wrea per cent. in 
the wrine secreted hour by hour. 


Exp. dog te 5. Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 
Hetero-proteose, 
23 12 2°622 1°755 1°158 1-428 2°916 
24 18 4944 2946 1°368 2°064 4°104 
Deutero· proteose. 
25 13 4°530 4°698 1-830 1°372 0°966 
26 


18 4°296 2904 2˙166 3660 


The averages drawn from the whole series come out as follows, for 
the percentage urea content, normal urine (first hour) 4703 %, second 
hour 2092 %, third hour 1'266°/,, fourth hour 192 %, fifth hour 
%%, 

A comparison of these figures with those just given for the total 
nitrogen will illustrate what I have alluded to as the wants of parallel- 
ism between the percentage output of nitrogen and that of urea. There 
is a relative drop in the urea of the second hour because the total 
nitrogen has been augmented by an excretion of part of the proteid, 
while as regards the urea of the third hour, the contrary is the case. 
This would seem to argue a rapid conversion of the proteid retained 
into urea. The length of time, one to two hours, which elapsed 
between the injection and this relative increase of urea, would offer no 
difficulty to the acceptance of this explanation. But subsequent facts 
negative this conclusion. 

(6) Total output hour by hour. (1) Nitrogen. The results of the 
later experiments bore out what had previously been shown, that 
notwithstanding the dilute condition of the urine the total excretion 
of nitrogen and also of urea when measured hour by hour suffered a 
very considerable increase. Unlike the increase of urine however whose 
curve would show a maximum in the second hour after the injection, 
that of the nitrogen output, with few exceptions, reached its highest 
point in the hour immediately following the injection. 

A portion of the nitrogen increase of the second hour is to be 
attributed to the part of the proteid excreted in the urine of this 
period. But as will be seen later this does not nearly account for the 
whole increase. The following table gives the results of the additional 
experiments under this head. 
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Taste IV. Showing the quantity of nitrogen excreted per hour. 


(Bapressed in grammes.) 
Exp. dog is kilos Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 N inj ected 
Hetero- ꝓroteose. 

23 12 0°1863 03618 0°2374 0°13880 01644 0°1134 
24 13 0°4181 0°6081 0°4042 0°3111 04018 01260 
Deutero-proteose. 

25 13 0°2000 03999 0°2048 0°2522 0°2433 0°1547 
26 18 0°2645 0°4886 02693 0°2157 — 0°1487 


The averages furnished by the whole twenty-six experiments yield 
the following figures: for the first hour a total of 0246 grm. of nitrogen, 
for the second 0393 grm., for the third 0°257 grm., for the fourth 
0215 grm., and for the fifth 0214 grm. Assuming the output per 
hour under normal conditions to be constant, and to be represented by 
0246 grm., this would show that in the two hours succeeding the 
injection an increased output amounting to 0158 grm. occurred. 
Corresponding to this the average quantity of proteid nitrogen in- 
troduced into the circulation amounted to 0144 grm. 

These facts at first sight seem to dovetail into each other and to 
argue that the increase of nitrogenous output must simply be attributed 
to an excretion of the proteid as such, with the urine of the period in 
question’, They also apparently support the commonly accepted belief 
that practically the whole of a given quantity of peptone or proteose, 
if injected directly into the circulation will rapidly reappear in the 
urine: neither of these views can be adhered to when the matter is 
further examined. This will become evident from an enquiry into the 
output of urea. 

(2) Urea. Later experiments 5 with the earlier in showing 
that the excretion of urea was also considerably augmented, the increase 
showing a curve, which like that of total nitrogen reached its maximum 
in almost every case, during the hour following the injection. 

The assumption therefore that the augmentation of total nitrogen in 
this hour is to be wholly or even chiefly attributed to an excretion of 
the proteid injected is here at once set aside. 


A cursory examination of the earlier figures had led me to believe that the proteid 
injected could not have supplied nearly enough nitrogen to make up the increase of the 


second hour alone.” As seen now, when — tor the whole series are calculated, 
this is not borne out. 
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In the following table the additional results are set forth. 


Taste V. Showing the quantity of wrea excreted per hour. 
(Zapressed as nitrogen in grammes.) 
Exp. deg it hile Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 Nee 
Hetero-proteose. 
23 12 0°1603 02727 02064 010388 () 01402 01134 
24 13 0°3807 0°5210 0°3517 02716 03524 01260 


Deutero-proteose. 
25 13 0°1691 0°3069 0°1631 0°2018 0°2019 0°1547 
26 13 0°2225 0°3727 02315 0°1827 — 0°1487 


Averages drawn from the whole give the following figures. Normal 
total output of urea-nitrogen or first hour 0°212 grm., output for 
second hour 0°311 grm., for third hour 0°218 grm., for fourth hour 
0181 grm., for fifth hour 0189 grm 

In the hour therefore immediately following the injection, there 
was an actual increase of 0°082 grm. of urea-nitrogen, i. e. in round 
numbers of 46°7 / over the amount excreted per hour before this event. 

It must not however be concluded without further enquiry that the 
whole of this increase arises from immediate metabolism of the peptone 
or albumose injected. Control experiments with normal salt solution 
alone yielded a very similar increase in urea output, which likewise 
reached its maximum in the hour immediately after the. injection. 
The increase was however less marked, an average drawn from six 
experiments places it at 39°3°/, over the normal excretion. 

It is to be added that urea was estimated by the method of 
Mörner and Sjékvist. 

The facts so far established as regards the output of nitrogen and 
of urea seem but little interdependent. They are as follows: 

(1) In the hour immediately following the injection of proteose or 
peptone as here employed there is an increase of nitrogen in the urine 
amounting on the average to 59°78 % beyond the normal output. See 
figures on page 184. 

(2) The greater part of this increase appears in the form of urea, 
the average being 46°7°/, urea-nitrogen out of the 59°78°/, total 
nitrogen. 

(3) Of the proteid injected only a small part can sien have 
reappeared as such in the urine of this hour. (It will later be shown 
that the excretion of injected proteose or peptone is confined to the 
hour here under consideration.) 
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(4) A similar but less marked increase of nitrogen and also of urea 
follow the injection of a corresponding amount of normal salt solution. 

(5) The increase of urea cannot therefore have arisen in any large 
part from rapid metabolic conversion of the proteid retained. 


Observations upon body temperature in the later experiments bore 
out these previously recorded. | 


3. Amount of peptone or proteose excreted in the urine. 

In addition to literature previously given, the following bears upon 
this section of the enquiry, which throughout was regarded as one of 
great importance. 

Shore?’ believes that when slowly injected into the blood-stream, 
the major part of the peptone is excreted by the kidneys, when rapidly 


introduced or when the ureters are tied it soon appears in the lymph. 


Boulengier, Denaeyer and Devos* confirm the views of Hof- 
meister, Shore and others that the greater part of a quantity of 
peptone introduced directly into the circulation is rapidly got rid of in 
the urine. Injection into a tributary of the portal vein did not alter 
the result. After subcutaneous administration they found peptonuria 


lasting two or even three days. 


Neumeister“ also supports the same view. He finds that albu- 
moses introduced into the circulation by any other way than vid the 
alimentary canal, are at once excreted in the urine. In one experi- 
ment with a dog, not more than 0°13°/, of injected hetero-albumose 
was retained. His results were uninfluenced by injection into a branch 
of the mesenteric vein. 

H. Hildebrandt“ states that a certain quantity of “Somatose” 
(an albumose preparation) can be injected subcutaneously in the dog 
without reappearing in the urine. Neumeister® denies this, experi- 
menting first with a rabbit and later with a dog, after it had been 
pointed out by Hildebrandt“ that conclusions drawn from experiments 
with the former animal were not in such cases to be relied upon. 

1 Shore, L. E. This Journal, x1. p. 561, 1890. ) ) 
2 Boulengier, Denaeyer et Devos. Bull. de l’Acad. Roy, de Med. de Belgique (4) 
Iv. p. 298, 1890; also Mem. couronn, de V Acad. Roy. de Belg., Tome x. iii. 1890, 


3 R. Neumeister. Zeitschr. f. Biol. xxvm. p. 310. 1890. 
4H. Hildebrandt. Verh. d. XII. Congr. f. inn. Med. 1893, S. 395; also Zeitschr. f. 


physiol. Chemie, xvi. p. 180. 1894. 


5 R. Neumeister. Deutsch. med. Wochenschr. Jahr xrx. S. 866. 1893. 
H. Hildebrandt. The same, 8. 997. 
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From the beginning of my own research it was apparent that the 
whole of the proteid injected was not re-excreted in the urine. By 
means of the biuret and other tests it was soon established, as I have 
previously stated, that the peptone or proteose only reappeared in the 
urine secreted during the hour immediately following the injection. 
This was confirmed throughout the whole series of experiments, and 
quantitative estimations based on Hofmeister’s application of the 
above reaction first led me to the conclusion mas much of the proteid 
was retained. 

Indeed, as I have already recorded, the excretion of proteid was 
confined to the first forty or forty-five minutes after the injection, and 
subtracting the urea-nitrogen of this period from the total nitrogen for 
the same time, I was able to show that the whole difference nitrogen, 
(which included ‘ extractive’ as well as proteid’ — was — 
ably less than the nitrogen injected. 

An allowance, which was certainly under the mark, was then calcu- 
lated for the extractive nitrogen and deducted from the whole difference 
nitrogen of the proteid excretion period. Five experiments were treated 
in this way. 

But it was also seen that the same principle held good when applied 
to the urine secreted during the whole of the hour following the injec- 
tion. The net difference-nitrogen still came out much less than that 
of the proteid injected. To obviate possible objection the results of 
eight of the earlier experiments and of all four of the later, have been 
treated on this basis. The following table gives the facts ascertained 
in this way from five of the experiments not heretofore published. 


Taste VI. Showing the amount of proteid excreted. 
(Eapressed in grammes.) 
Weight of extractive — ot proved 
Exp. dog kilos of 2nd hour extractive N Nexcreted N excreted injected. 
| Hetero-proteose. 
23 12 0.09 00270 00621 54/6 01134 
24 13 0-0871 00361 00510 40°48 0°1260 
Deutero-proteose. 
22 6˙3 00472 0°0237 0°0235 28°45 0°0826 
25 13 0°0930. 0°0320 0°0610 39°43 0˙1547 
26 18 0˙1139 0°0454 0°0685 46-06 0°1487 


The average taken from seventeen experiments (the results of nine 
being unavailable from various causes) gives the mean quantity of 
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nitrogen injected as 0°1462 grm., of proteid nitrogen excreted as 00582 
grm. That is to say, in round numbers, not more than 40°/, of that 
introduced, reappeared in the urine. 

For the different substances, the average quantities excreted are, 
hetero-proteose 47°6 °/,, proto-proteose 47°1 %, deutero-proteose 42°6°/,, 
ampho-peptone 38°9 %, anti-peptone 27°5 %. 

But these averages are probably too high, because, as previously 
shown, they include experiments where the calculation has been based 
on a longer period than the actual ‘peptone’ excretion period, and 
because the deduction made for ‘extractive’ nitrogen was in all cases 
under rather than over the mark The calculation for extractive 
nitrogen was drawn from a more dilute urine—that of the third hour 
or last quarter of the second—than that of the peptone excretion 
period. 

Against this, must be placed the fact that a certain small amount 
of the proteose or peptone goes into solution in the alcohol-ether 
mixture employed for extracting urea by the Mérner-Sjékvist method. 
But it is believed that this is considerably over-allowed for, in the 
smaller deduction made for extractive ee than would actually 
be warranted. 

Consequently there can be little doubt that the percentage of 
excreted proteid is still less than that represented by the averages 
given. 

Since my earlier report, indeed since the present article was written, 
a publication has appeared from the hands of I. Munk and M. Lewan- 
dowsky' in which they show that various proteid materials, after 
direct introduction into the circulation, are retained and made use of 
by the organism to a much greater extent than has hitherto been 
supposed. 

Thus they find that egg-albumin is retained to the extent of from 
54 to 82°/,, alkali albumen 92%, acid albumen 98% and so on. Their 
experiments do not include any of the substances dealt with in my 
research. | 

One other possible objection to my own work remains to be met. 
It has been asserted that when blood-pressure is much lowered by the 
injection of albumoses, or when the ureters are tied, the material is 
excreted into the intestine’. 

Without denying this possibility, which I regard as far from being 


1 I. Munk u. M. Lewandowsky. Archiv f. Physiol. 1899, p. 73. 
2 R. Neumeister. Zeitschr. f. Biol., xxvn, p. 310. 1890. 
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definitely proved, I have merely to point out that blood-pressure was 
carefully prevented from falling in every experiment here recorded. 

It must therefore I think without hesitation be concluded 
that on the average at least 60°/, of the peptone or albumose 
introduced was e in the body. 


— 


That the substance retained does not, within the limits of the 
experiment, wholly reappear as urea or other nitrogeneous urinary 
excretion may be accepted from the foregoing. But that ‘peptone’ . 
_ disappears as such from circulating blood within a short period after 
intravascular injection has been proved by numerous observers. 

When rapidly injected Shore! was able to detect it in the lymph 
but only for the most part after the lapse of at least an hour, that is at 
a period of time when I had found its excretion by the kidney to have 
come toanend. The experiments in the present research correspond 
more to those of this observer in which the substance was slowly intro- 
duced, and was not at any time found in the lymph. 

But even admitting that part of the material escaped into the lymph 
current, the fate of the product would by no means end there, Under 
normal circumstances it would be carried back to the blood stream, 
unless it it can be shown to be stored up as such in the tissues. 

Facts are all however against this latter assumption. Thus Hof- 
meister! found under normal circumstances that all the important 
organs of the body, with the exception of the spleen, pancreas and the 
wall of the intestine to be free from peptone. The first of these organs 
need only concern us now, and Shore“ found that the cells of the 
spleen do not possess any peptone transforming power. It is therefore 
unlikely that any more of this substance is retained by the spleen than 
can be accounted for by its great vascularity. 

With regard to Hofmeister’s detection of considerable quantities of 
peptone in the kidney soon after the injection of large doses into the 
circulation, it is admitted by him that the substance was probably on 
its way towards excretion. 


Nor is the theory of Seegen“ readily 1 without further 


1 Shore, L. E. This Journal, x1. p. 561. 
? Hofmeister, F. Zeitsch. f. physiol. Chemie, v1. p. 51. 1882, 
? Shore. Op. cit. 


Seegen. Pfliiger’s Archiv., xxv. p. 165; xxvit. p. 325 and xxwII. p. 90. 
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confirmation, viz. that peptone is converted by the liver into a carbo- 
hydrate substance. 

The most probable view seems to be that the albumoses combine 
with one or other of the globulins of the blood and give rise to 
compounds which no longer retain the characteristics of an albumose, 
but rather those of a globulin. This view has been advocated by 
Kutscher! who found a reaction indicating such a combination 
actually to occur in the test tube. He suggests that the globulins exist 
in the blood as salts of sodium, and that the albumose expels part of 
the sodium, taking its place, and giving rise to an albumose-globulin. In 
support of this conception Kutscher shows that albumoses possess the 
power of displacing sodium from its combination with nucleic acid, 
when the latter substance, dissolved by the aid of sodium carbonate, 
exists in solution as sodium nucleinate. 

The experiments of H. Hildebrandt? also lend support to this 
theory. He found that when albumose is added to blood-serum, or 
introduced into the blood-stream, an increase of globulin with simul- 
taneous decrease of albumose occurs. The increase in the former case 
amounted to 12°6 °/,, in the latter to 22°6 %, | 

To the summary given in an earlier part of this paper may therefore 
be added that 

(1) On an average, at least 60% of peptone or proteose introduced 
directly into the circulation under the conditions given, is retained in 
the body. 

(2) A greater proportion of deutero-proteose, of purified ampho- 
peptone, and of antipeptone, appears to be retained than of the primary 
proteoses. 

(3) It is probable that the proteoses are held i in 8 with 
one of the globulins of the blood plasma, as proteose globulinates. 


1 Kutscher, Fr. Zeitsch. f. physiol. Chemie, XVIII. p. 115. 1897. 
* H. Hildebrandt. Zeitsch. f. physiol. Chemie, xvii. p. 180. 1894. 
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ON CHROMAXOLYSIS IN DEITERS’ NUCLEUS AFTER 
HEMISECTION OF THE CORD. By R E. LLOYD, BSc. 
(Three Figures in Text.) 


(From the Physiological Laboratory, University College, London.) 


v. MONAKOW in 1883, employing Gudden’s method of establishing 
a lesion of the nervous system in very young animals and observing ~ 
the atrophic changes which become apparent in the progress of growth, 
found, as one of the results of hemisection of the spinal cord just 
below the decussation of the pyramids, that the nucleus of Deiters 
underwent complete atrophy on the same side as the lesion. v. Mon- 
akow performed this experiment successfully upon one animal only; 
he concluded from it that the nucleus of Deiters has no special 
connection with the eighth nerve, as up to that time had been almost 
universally held, but that it is situated upon the path of the sensory 
or afferent fibres which are passing from the spinal cord to the brain. 
Ferrier and Turner in 1893 obtained in one or two cases of 
cerebellar lesion, which were complicated by a lesion of Deiters’ 
nucleus, degeneration of certain fibres in the antero-lateral region of 
the cord on the same side as the lesion; and they concluded, since 
they did not obtain degeneration of these fibres from a simple removal 
of the cerebellar hemisphere, as had previously been affirmed by 
Marchi to be the case, that in all probability the fibres in question 
are derived from the cells of Deiters’ nucleus. In this opinion they 
were supported by Risien Russell, while, on the other hand, 
Thomas states in confirmation of Marchi that removal of the 
cerebellar hemisphere alone without any injury of the nucleus in 
question is followed by descending degeneration of some of the fibres 
of the antero-lateral region of the cord. Cajal, Biedl and Fusari 
are in general agreement with this statement; such fibres had been 
previously recognised by Löwenthal as undergoing degeneration 
below a hemisection of the upper part of the cord. 
The result of the present investigation is to show, that hemisection 


d 
. 
% 
* 
* 
* 
a 
43 
= 
a 
4 
J 
* 
Be 
iy > 
33 
a 
170 
7 
* 
ug 
2 
* 


192 R. E. LLOYD. 


of the upper part of the cord is followed by. chromatolysis of the cells 
of Deiters’ nucleus on the same side as the lesion and to render it 
probable therefore that the fibres spoken of above are derived from the 
cells of that nucleus. | 

The brains examined were those of three cats (hemisection), two 
monkeys (hemisection), one monkey (dorsal cerebellar tract lesion), one 
monkey (antero-lateral tract lesion). The lesions were in the lower cer- 
vical and upper dorsal regions. The interval between the establishment 
of the lesion and the death of the animal was in each case about two 
months. The brains were hardened in formalin, and series of sections 
were cut, in some cases completely through the nucleus from end to 
end, by the paraffin method. They were stained in one per cent. 
aqueous solution of toluidin blue, decolourised in anilin and absolute 
alcohol (1 to 5), then cleared in xylol. } 

_ The cells of Deiters“ nucleus are, as is well known, very large, 
somewhat resembling in appearance the motor cells of the anterior 
cornua of the cord; they show Nissl's spindles clearly. In making a 
comparison between these cells on either side, I have relied more on 
their altered appearance than on any diminution in their number. 


Fig. 1. From cat 1. D. N., Deiters“ nucleus. S. O., superior olive. I. P. C., inferior 


peduncle of cerebellum, 


The changes which I have noticed are as follows:—In most of the 
affected cells there is a total absence of Nissl’s granules (compare 
Fig. 3, A and B), in many there is a diminution in the number of these 
granules while in a few cells there is little or no alteration. The 
difference is best seen when the cells are deeply stained and the 
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sections examined under a very low power of the microscope; under 
these circumstances the appearances shown in Figs. 1 and 2 are seen. 
If the comparison between the two sides is made from the alteration in 


Fig. 2. From monkey 1. In figs. 1 and 2 the chromatolysis affects the nucleus of Deiters 
on the right-hand side of the sketch. 


Fig. 3, A. 8 decane & Represents part of Deiters’ nucleus on the same side. 
Magnification, 390. 

There is absence of Nissl’s granules, diminution in size of the cells, slight vacuolation 
and an ill-defined nucleus; the only part which is not altered is the nucleolus, 
Fig. 3, B. From monkey 2. ee 

normal side. 
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the appearance of the cells rather than by counting the number of 
cells visible, one principal source of error is overcome, namely that 
arising from the difficulty of obtaining strietly transverse sections; for 
the cells diminish in number towards the upper (or anterior), and 
lower (or posterior) part of the nucleus, and if the sections are not 
completely transverse, error is likely to occur from comparing the 
middle of one nucleus with the upper or lower part of the other, 
especially as the extent of the nucleus from above down is rather 
limited (a series of about 50 thick sections will include the whole 
nucleus). But if the appearance of the cells is compared this error 
does not occur, for in comparing the middle of the degenerated nucleus 
with the upper or lower part of the undegenerated, the difference can 
be clearly seen even although the cells appear more numerous on the 
side which has undergone degeneration. 

I wish, in conclusion, to express my indebtedness to Professor 
Schafer, who provided me with the material, and who has given me 
help and advice throughout the work. 


SuMMARY. The investigation tends to show that after a unilateral 
lesion of the cord involving the antero-lateral descending tract most of 
the cells of Deiters’ nucleus undergo chromatolysis. The inference is 
that the fibres of this tract take origin in Deiters’ nucleus and not in 
the cerebellum. 3 
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OBSERVATIONS. 


Cat 1. Hemisection. Almost a complete series of sections through the nucleus was 
examined; they show a marked alteration in the cells of the injured side (Fig. 1). 

Cat 2. Hemisection. A short series through the centre of the nucleus shows a very 
complete chromatolysis on the injured side. 

Cat 8. Hemisection. Almost a complete series examined. A marked difference is 
apparent, the cells on the injured side being much changed. There is also on this side a 
softening and slight disintegration of the whole region of the nucleus; but this perhaps is 
accidental. 

Monkey 1. Hemisection. A continuous series of sections — the nucleus shows 
in all a change of the cells on the injured side (see Fig. 2). 

Monkey 2. Hemisection. Also shows marked change on the injured side. The 
alteration in the cells is very complete in this case, Fig. 3, A and B, shows the appear- 
ances under a high power. 

Monkey 3. Left dorsal e eee talon: A short series througn 
the centre of the nucleus shows perfectly normal cells on both sides. This may be taken 
as a control since the fibres of the antero-lateral descending tract would hardly have been 
touched by the lesion. 

Monkey 4. Lesion of the left antero-lateral tract (not extending beyond the nerve- 
roots). This was also a superficial lesion. Sections through the nucleus show only a 
slight degeneration, if any, on the left side. The lesion was too superficial to include 
many of the antero-lateral descending fibres, which lie close to the antero-median fissure. 
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ON SOME NUMERICAL COMPARISONS OF THE 
CENTRIPETAL AND CENTRIFUGAL MEDUL- 
LATED NERVE-FIBRES ARISING IN THE SPINAL 
GANGLIA OF THE MAMMAL. By H. H. DALE, BA. 
Scholar of Trinity College, Cambridge, Coutts Trotter Student. 
(Plate IL) 


THE investigations recorded in this paper were made with two objects 
in view, viz., in the first place to determine the relative number of 
medullated fibres centrally and proximally of the spinal ganglion, and 
in the second place to determine the relative number of the fibres 
of any given size in the same situations. An exact knowledge of these 
points would go far towards deciding whether any fibres end free in 
the spinal ganglion; whether either of the cell processes divides in the 
ganglion, or soon after its exit from the same; and whether the central 
and peripheral processes of any or of all the spinal ganglion cells are 
unequal in diameter. 


THE RELATIVE NUMBER OF FIBRES ON THE PROXIMAL AND 
DISTAL SIDES OF THE GANGLION. 


Historical. Investigations on this point are by no means new. 
I may pass over the early observations of Wagner, Robin, Bidder, 
Kélliker and others, which bear more or less upon the question, 
merely noting that the results differed in many points, but that the 
balance of opinion seemed in favour of an excess of fibres on the 
peripheral side. Of more direct interest in this connexion are the 


actual countings of the fibres which have been made in the frog and in 


mammals. Holl“ and Stiénon® both made countings in sections 
of the trunk and roots of the frog and the mammal, and Birge o made 
similar countings in the frog only. All these observers found, in most 


cases, a practical identity in the numbers, but it should be noted that, 


when a small difference was detected, it was in almost every case on 
the side of the trunk. These small differences they all attribute to 
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experimental error. In more recent years countings have been made 
by Gaule and Lewin on the sacral nerves of the rabbit, and by 
Biihle® and Hardesty in the frog. These observers come to the 
conclusion that there is a considerable excess (up to 38°/,) of fibres 
on the peripheral side, and they attribute the difference to division of 
the peripheral processes of the ganglion cells, to the failure of some 
of the ganglion cells to contribute medullated processes to the posterior 
root, and to the presence of medullated post-ganglionic sympathetic 
fibres ending in the spinal ganglion. Hardesty, whose paper is of 
especial interest to me in that he has used the photographic method 
which I had myself adopted, not only finds a difference in the countings 
| proximally and distally to the ganglion, but also a progressive decrease 
in the number of the fibres of the ventral root in passing from the 
spinal cord towards the ganglion; a progressive increase in the same 
direction in the dorsal root; and a similar decrease in the number of 
fibres in the trunk in passing from the ganglion to the periphery. 
; It will be seen that the results are not very consistent, but the 
tendency i is to show that a spinal nerve has rather more medullated 
fibres in the trunk near the ganglion than in the roots. 

Methods. My own experiments have been made chiefly on the 
_ coceygeal nerves of the cat. These were chosen as being convenient 
for dissection and as containing a workably small number of fibres. 
They have the further advantage, which directed Gaule’s choice of 
sacral nerves, of presenting a considerable stretch of trunk inside the 
vertebral canal, the danger of losing small twigs in dissection being thus 
eliminated. Two thoracic nerves from the cat and one lumbar nerve 
from the rat were also counted. 

Various methods of preservation and staining were tried, including 
the use of formalin, followed by osmic acid. This preserves the fibres 
with a minimum of shrinkage, but the medulla, when so preserved, has 
a tendency to split in such a manner as to show a radiate structure 
in transverse section—an appearance which renders the section prac- 
tically useless for the photographic method which I employed. The 
best results were obtained by directly immersing the nerves in 1% 
osmic acid. The coccygeal roots were carefully exposed by removing 
the neural arches of the vertebre and opening the dura mater longi- 
tudinally in the coccygeal region. The first coccygeal nerve was 
identified, usually by counting down from the second cervical, and was 
cut through close to its exit from the spinal canal. The mass of roots 
was gently lifted by seizing the cut edge of dura mater with forceps 
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opposite the first coceygeal ganglion. The dura mater was cut round 
the ganglion, which could now be lifted gently, the roots attached to it 
being separated from the rest without injury or stretching, and finally 


cut across as near the cord as necessary. The preparation was lifted 
out by the fragment of dura mater attached to the ganglion and spread 


on a piece of stiff paper in such a way that the trunk lay in contact 
with the paper and the roots were bent over to lie on the trunk. It 
was unnecessary in this procedure to touch either the trunk or the 
roots, and both could be gently extended to the same degree by pulling 
the fragment of dura mater. A small oblong of paper with the 
preparation on it was cut off from the sheet and put directly into 1 °/, 


cosmic acid. When the nerve had become stiffened in the required 


position it was detached from the paper and returned to the osmic 
acid for 24 hrs. The same method was used for preparation of any 
coccygeal nerve and roots, and for the lumbar roots of the rat. In the 
latter case, as in the thoracic roots of the cat, the dorsal branches of 
the nerves, which arise practically from the ganglia, were carefully 
dissected out and laid parallel to the main trunk. 

After 24 hours in osmic acid, the preparations were washed for 
1—2 hours in running water and passed through graduated alcohols 
to absolute alcohol, absolute and xylol, xylol, and paraffin melting at 
52°C. In some cases cedar oil was used, but this, though it produces 


less shrinkage than xylol, has a dangerous property of dissolving the 


osmium-impregnated medulla, which becomes evident very shortly after 
the preparation has become thoroughly penetrated with the oil. Xylol, 
in the cold, seems to have no such tendency. | 

Sections cut with six teeth of the Cambridge Rocking Microtome— 
i. e. about 4 thick—were found to be of about the requisite thickness. 
Thinner sections were too pale to give sharp negatives. 

For some time I tried to obtain reliable countings and measure- 
ments by careful drawings of the sections with Abbe's drawing ap- 
paratus. I found, however, that the method was not reliable, as it 
was impossible to draw the trunk under a sufficiently high power 
without frequent shiftings, and even the use of a mechanical stage 
could not prevent a certain degree of displacement and consequent 
error. In one case, where such shifting was unnecessary, I used the 
drawings so made for purposes of measurement and obtained instructive 
results, All my other results, however, have been obtained with the 
help of photography. By use of a moderately low objective (a Reichert 
8mm, gave good results) and a long-bellows camera, even the largest 
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of my sections could be brought into a moderately flat field and 
countable photographs obtained. In order to get results at all reliable 
and consistent I found it necessary to compare the photograph, during 
counting, with the section, which was viewed with Obj. 3 Oc. 2. 
I found it surprisingly easy to identify any particular fibre or group 
of fibres, and the photographs were compared practically fibre by fibre 
with the sections. The photograph of each fibre, as counted, was 
marked in the middle with an ink-spot. 

When this method of comparison with the section had been adopted, 
my results, which had before been uncertain, at once became consistent 
and unmistakable. When the photograph was counted without re- 
ference to the section I had frequently observed a considerable excess of 
fibres in the trunk. In such cases reference to the section always 
showed that a number of small fibres in the roots, through being slightly 
out of focus, were represented in the photographs only by almost 
imperceptible markings. This tendency to fall slightly out of focus 
affected chiefly the fibres of smallest size (24 and less in diameter), 
which in the coccygeal region occur in considerable numbers in the 
dorsal roots. Even in the sharpest photographs of the most carefully 
mounted sections some additional small fibres, chiefly in the dorsal root, 
were always discovered by subsequent comparison with the section. 
A few such fibres, but by no means so many, were usually discovered 
in the trunk. I imagine that, in the case of the trunk, the intervening 
connective tissue assists in retaining the small fibres in the same plane 
as the rest of the section. 

Results of counting. 


* 


Ventral Dorsal Total in Excess %, 
root k in trunk excess 
Cat A. And covcygeal 577 1522 2099 2116 17 8 
Cat 4th ** 759 1003 1762 1765 3 17 
„ 6th oy 546 840 1384 1390 4 3 
„ 513 689 1202 1217 15 125 
Cat D. Ist 5 654 1751 2405 2427 „ 
„ Aud „ (left) 633 1857 2490 2504 14 57 
50 „ (right) 643 1628 2271 2292 22 92 


850 914 1764 1772 8 46 


Average °/, excess in coccygeal nerves 63 

Cat E. 8rd thoracic 3032 3050 6082 6121 39 61 
„„ 2015 2268 5183 5208 25 48 
Rat. 5th lumbar 1243 2804 4047 4065 18 45 
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No preparations were used for counting which appeared in any way 
defective. In several cases, for no known reason, the sections of many 
fibres were much distorted. No such preparations were used. 

With regard to the results shown in the above table I may first 
deal with the point raised by Hardesty (vide sup.), who described an 
alteration in the number of fibres in the course of the nerve-roots, and 
in the course of the trunk between the ganglion and the separation of 
the first branch. Two sets of countings were made on the 4th coc- 
cygeal nerve (Cat D) to test this statement. Photographs were made 
of sections of the roots and of the trunk taken near the ganglion, and 


again of sections taken at some distance from the ganglion on either 


side, the distance, which was the same in both cases, being such that 
the trunk had already split into dorsal and ventral divisions. It will 
be seen that the same number of fibres was present in the ventral root 
near the spinal cord and near the spinal ganglion; that the same 
number of fibres was present in the trunk near the ganglion and near 
the point where the dorsal branch is given off; and that in the dorsal 
root three more fibres were found in the section near the cord than 
in that near the ganglion—a trifling difference, and in the opposite 
direction to that indicated by Hardesty. I am in consequence unable 


to agree with Hardesty’s conclusions on this point. 


Turning now to the chief results of the observation we see that 
there is constantly a slight excess of fibres in the trunk over the sum 
in the roots, the number varying from 3 to 39. On the whole the 
magnitude of the excess corresponds roughly to the number of fibres 
in the nerve, the average difference being about 5% In many cases 
the excess is so small that it could be quite well attributed to experi- 
mental error, but the fact that it is always on the same side leads me 
to believe that the result has some real significance. There is no 
essential difference between the thoracic, lumbar, and coccygeal nerves 
in this respect: in other words, the presence of fibres for the sympathetic 
system or for the limbs does not affect the result. : 

The excess of nerve-fibres peripherally of the spinal ganglion is, I 
think, in all probability, due to the presence in this region of medullated 
fibres passing to the nerve from the grey ramus and ending in the 
ganglion. Whether these fibres are vaso-motor fibres for the vessels of 
the ganglion, or whether they end in connection with the nerve-cells, in 
the manner described by Ramon y Cajal” and by Dogiel® my 
observations leave undecided. In support of this view, it may be noted 
that the peripheral excess which I observed in the coccygeal region 
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corresponds fairly with the number of the medullated fibres described 
by Langley™ in the grey rami of that region, and that the excess on 
the peripheral side is apparently due to small fibres (6% and less in 
diameter) such as are found in the grey rami. 


II. THE SIZE OF THE FIBRES IN THE NERVE-ROOTS 
AND IN THE TRUNK. 


Historical. Various observers have stated that of the two branches 

given off by the process of a spinal ganglion cell the central branch, i.e. 
that running to the posterior root, is generally smaller than the 
peripheral branch. Wagner™ found it so in Torpedo, Freud™ in 
Petromyzon, Lenhossek®™ in the frog, Van Gehuchten™, Cajal” 
and Dogiel® in the mammal, and Cajal in the bird. 

On the other hand an old observation of Bidder and Volkmann™, 
made indeed by a rough method of estimation, pointed to a greatly 
increased proportion of small fibres in the trunk. 

Measurements and countings to determine the size of the fibres 
were made in three cases, viz. the Ist, 4th and 7th coccygeal nerves of 
the cat. 

Methods. The first measurement was made from camera lucida 
drawings of sections of the 4th coccygeal roots and nerve of a rather 
small cat. The preparation was made with formalin, followed by osmic | 
acid—a method which preserves the fibres in a well-rounded condition 
but which does not give sufficient black-and-white contrast for successful 
photography. The trunk in this section was split naturally into several 
small and well-marked divisions, so that the difficulty of shifting the 
section accurately was eliminated. A drawing of a micrometer scale 
was made with the same maguification as the drawings of the sections, 
and the fibres were measured with reference to this scale by compasses. 
The other measurements were made on enlargements from the photo- 
graphs of the 7th coceygeal nerve of Cat B, and the Ist coccygeal nerve 
of Cat D. The photographs of the trunk, of the roots, and of a 
micrometer scale were in each case carefully made with the same 
magnification, and the enlargements from the several negatives of each 
set were made at one time, great care being taken to keep the 
adjustment of the enlarging camera unaltered. The measurements 
were made in the same way as on the drawing, and in all three cases 
the fibres were arranged in classes 8 from one another by 2 in 
diameter. 
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With regard to the first counting, viz. that of the 4th coccygeal 
nerve; it may be noted that, in this section, the grey ramus was 
distinguishable as one large and three small bundles in the trunk. 
Among the masses of non-medullated fibres some 30 small medullated 
fibres were distinguishable. It will be seen that, if these are not 
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Cat O. 4th coccygeal. 
Ventral Dorsal Total 
16 & upwards 3 13 16 15 
14u—16p 19 40 0 242 37 | 199 
122—14 51 116 167 147 
10u—12p 27 154 184 
8u—10 19 155 174} 527 207 | 584 
68. 19 153 172 193 
Less than 6 171 574 745 735 
1514 1518 
Grey ramus 30 
1548 
Cat B. 7th coccygeal. 
14 & upwards 1 5 0 34 5 25 
12u—l4p 12 13 25 20 
10u—12pn 50 61 111 87 
8u— 10. 92 157 249 622 270; 621 
6-8 93 169 262 264 
Under 6 262 284 546 571 
1202 1217 
Cat D. Ist coccygeal. 
Ventral Dorsal Total 
Diameters root root roots Trunk 
18 & upwards 3 1 4 3 
16—18 19 58 21 2 
14 165 61 41 102 213 75 72° 
12uy—l4yp 71 78 149 111 
10p—12p 69 231 300 301 
53 152 205 838 951 
6 8. 54 279 333 388 
Less than 6p 304 950 1254 1266 
2405 2427 
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included, the difference in the totals is only four —such a difference 
as cannot be considered of any significance in view of the inaccuracy 
of the drawing method. If, however, the fibres are included, there is 
a difference of 34. | 

In all the measurements it will be seen that there is an excess in 
the roots of fibres of the larger classes—12y and upwards. This is 
always practically balanced by an excess of the fibres between 6u and 
12y in the trunk. Thus if we examine the number of fibres over 6 
in the three cases we find: 


Roots Trunk 


4th coccygeal 783 
656 
88 1151 1161 


Here in one case there is an excess of 10 on the side of the roots, 
and in the other two differences of 14 and 10 on the side of the trunk. 
In every case, if the grey ramus is ineluded, there is a preponderance of 
fibres less than 6% in diameter in the trunk, as follows: 


Roots Trunk 
4th coccygeal — 745 765 
546 571 
1254 1266 


The result is thus always a preponderance on the side of a trunk. 
If, in the case of the 4h coccygeal, we omit the grey ramus fibres, we 
find an excess of 10 fibres under than 6y in the roots, which nearly 
balances the excess of 14 fibres over 6y in the trunk. It would be 
possible to interpret this as indicative of the presence of a small number 
of the unequal T divisions above referred to; but as it is often difficult 
to decide the class of a fibre which is near the limit, I do not think any 
such conclusion is justifiable, especially as the figures for the 7th 
coccygeal nerve show a very similar difference in the opposite direction. 

The difference observed in the large fibres might be due either to 
greater shrinkage in the trunk, of which there is evidence in some of 
the sections, or to tapering of the fibres. That the latter process plays 
an important part I am inclined to believe on account of the following 
measurements, made in a precisely similar manner, of two sections 
of a ventral root, taken respectively near 825 cord and near the 


ganglion. 
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Diatacter Near the Cord Near the Ganglion 
20 & upwards 1 00 
19 — 20 1 1 
11 7 
17p—18p 16 > 215 | 127 200 
16u—17p 18 21 
14p—16p 87 78 
122—14 81 81 
101 — 12 
8u—10 24 126 22+ 128 
6 35 32 
Less than 6p 313 326 
654 654 


Here it is evident that we have a difference of the same kind, 
though hardly so marked, as that seen in the other measurements. 

In such circumstances it is difficult to draw conclusions as to the 
presence of unequal T divisions such as those described by Lenhossek 
and others (vide sup.), but there is, at any rate, no evidence for the 
general prevalence of such an arrangement, nor does it seem likely that 
the method could show any characteristic difference with regard to this 
matter in the various classes of fibres in the dorsal root. I have, 
therefore, not pursued the matter further. 


CONCLUSIONS. 


In the cat there are constantly a few more medullated fibres in 
a nerve immediately distal to a spinal ganglion than in the nerve 
immediately proximal to the ganglion, ze. shortly, there are a few more 
medullated fibres in the trunk than in the nerve-roots. The excess is 
on an average about 0°5 p.c. of the total number of nerve-fibres. The 
results closely resemble those obtained by Holl, Stiénon, and Birge 
in other animals. 

The excess of nerve-fibres in the trunk is apparently caused by 
fibres of not more than 6y in diameter. The nerve-fibres which cause 
the excess are in all probability medullated fibres which pass to the 
trunk by way of the grey ramus communicans, and end in connection 
with the vessels or other tissue of the ganglion. That such fibres must 
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be taken into account has been suggested by Dosis! Cajal and 
v. Gehuchten. 

Allowing for these fibres, I find that the number of fibres close to 
the ganglion is the same as the number of fibres several millimetres 
from it both proximately and distally, i. e. none of the medullated fibres 
given off by the ganglion cells end in the nerve or roots close to the 
ganglion. This differs from the result obtained by Hardesty. 

There are more fibres of 6 and upwards in the anterior root close 
to the spinal cord than in the anterior root close to the ganglion, i. e. 
the fibres taper slightly. 

There is a similar difference between the size of the nerve-fibres in 
the roots and that of those in the trunk. Probably then the posterior 
root-fibres also taper slightly. 

The tapering of the motor fibres makes it impossible to draw 
definite conclusions as to the relative size of the central and peripheral 
processes of the spinal ganglion cells, but the evidence is against the 
view that the central processes are, in general, conspicuously smaller. 


In conclusion I desire to express my indebtedness, for much kind 
advice and criticism, to Dr Langley, and to thank Dr H. K. Anderson 
for his ready help. 
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PLATE II. 


Specimens of the photographs used in counting. 

Fig. 1. Trunk of lst Coccygeal, Cat D. 
Figs. 2 and 3. Ventral Root of Ist Coccygeal, Cat D. 
Figs. 4, 5, 6. Dorsal Root of Ist Coccygeal, Cat D. 


The expenses of this research have been defrayed by a grant from the 
Government Grant Committee of the Royal Society. 
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THE PRE SSURE-FILTRATION OF PRO TEIDS. (Prelimi- 
nary communication.) By DAVID FRASER HARRIS, 
M.D., C. M., B.Sc. (Lond.), Lecturer on Physiology in the Univer- 
sity of St Andrews. (One Figure in Text.) 


(From the Physiological Laboratories of Zirich and St Andrews.) : 


4 Method. This is shown in Fig. 1. The brass hand-pump is shown 
5 here: in Zürich a water-aspirator was used. The filters I have mostly 
worked with hold 25 c.c. of liquid each, and of course no filtrate makes 
its appearance until the filter is full: due time must therefore be given 
for the filter to fill, and no liquid declared non-filterable until such 


time has elapsed. 


Pure water runs through at the rate of from 3°5 to 7°5 c.c. per min. 
when the water-aspirator is used : all other substances pass through at 
a slower rate, although urine is only very slightly slower. 

Egg-albumin (1 in 20 water) goes through (under same conditions 
of pressure) at 2°5 c. c. per min. 
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After filtration of any one proteid, the filter was always washed out, 
i. e. water was pressure- filtered through it, until the filtrate ceased to 
give proteid reactions, not until this point was reached was the filter 
considered clean, or ready for the next substance. 

The following substances passed through the walls of the Chamber- 
land filter, that is, yielded a pressure-filtrate: egg-albumin (1 in 20 
vols. aqua dest.); serum-globulin (sheep's blood); serum-albumin ; 
solution of gelatine (1°/,); alkali-albumin; acid-albumin; proteose 
(Witte’s peptone); hzmoglobin (Grübler's) less than 1% sol. in water; 
human urine; lactose and the salts of milk-plasma; lact-albumin; 
caseinogen (Grübler's) dissolved in 1% NaHO sol. and in 4% NaHO; 
caseinogen of milk treated with 30% NaHO’. 

The following did not pass through the filter: caseinogen of normal 
milk-plasma; of milk diluted to 1 in 8 with aqu. dest.; of ‘decalcified 
milk’; caseinogen (Griibler’s) dissolved in 2°/, lime Wer serum- 
gabel (ox blood). 

In the case of urine I could find no . that the filtrate had a 
lower percentage of dissolved materials than the urine outside the 
filter, but in the case of every other substance the filtrate was more 
dilute than the original liquid, | 

The least change was in the case of acid-albumin, which came 
through without noticeable dilution: alkali-albumin, however, yielded 
a filtrate much more dilute than the original liquid, which owing to the 
rise in per cent. of proteid, as the filtration continued, became less and 
less alkaline. Alkali-albumin filtered more slowly than syntonin: 
there is also a corresponding difference in their rates through paper. 

As judged by mere passage through a diatomaceous filter, salts of 
urine, lactose, urochrome, syntonin, proteose and hemoglobin are all 
equally ‘in solution,’ but as judged by the ease of passage, it may be 
contended that they are not all equally ‘in solution’; thus lactose and 
urochrome would be in truer ‘solution’ than gelatine and hemoglobin. 

Colloids as well as crystalloids under pressure pass through an 
uncontaminated (unblocked) Pasteur-Chamberland filter“, but with very 
varied degrees of ease; presumably that substance with the smallest 
molecule passes most easily. I need not say no visible particles, fat, 
micro-organisms or precipitate, can pass through these filters. 

It is known that caseinogen does not pass through an ordinary cell 


1 Also biliverdin, the bile-salts, the mucinoid of bile (ox). 
2 To be distinguished from Martin's method of blocked filter. This Journal, xx. 
p. 364, 1896. | 
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of porous earthenware, and when we attempt to pressure-filter milk 
(either undiluted, or diluted 1 in 2, 1 in 4, 1 in 8 and so on) through a 
Chamberland filter we obtain a perfectly limpid liquid, It contains in 
solution 

The inorganic salts of milk-plasma; lactose; a trace of lact-albumin 
(the only proteid). 

There is nothing that can be clotted by rennet in the pressure- 
‘filtrate, that is to say, no trace of caseinogen. 

Hence we are entitled to say that if caseinogen be in solution in 
milk-plasma, it is not in solution after the manner of crystalloids nor 
even after the manner of egg-albumin, serum-albumin, lact-albumin, 
proteose, gelatine or the albuminates—all of which pass through the 
identical filter that stops caseinogen. 

We may now ask—What is there in the chemical or physical state 
of caseinogen which prevents it passing through a clay filter? To 
dispose of the chemical first: can we attribute the non-filterability to 
its conjunction with calcium? To test this, I decalcified 200 C. c. of 
milk with 10 Cc. of a 2°/, sol. of potassium oxalate, diluted it somewhat, 
and pressure-filtered it; no caseinogen was present in the filtrate; in 
other words did not influence the of the 

proteid. 

I now turned to the effect of adding alkali to milk and prepared 

the material as follows 5 c.c. of a 30 % sol. of NaHO were added to 
100 ce. of milk: this, well shaken up, was diluted to 1 in 8 and 
pressure- filtered. The filtrate came through at the rate of 6 C. c. per 
min., a limpid, colourless, alkaline liquid giving abundant evidence of 
proteid in solution. On neutralisation with a couple of drops of acetic 
acid, a neutralisation-precipitate was obtained soluble in excess: that 
is to say, the alkaline solution of caseinogen had passed through the 
clay-filter. 

An analogous case is presented by Grübler's pure caseinogen. A 
solution of this substance in 2% lime water is non-filterable—although 
a considerable amount is in solution, as may be shown by precipitation 
with HA—whereas a solution in 1 % NaHO is readily filterable. 
Griibler’s caseinogen and the native substance are alike in respect of 
being made filterable after treatment with alkali. 

Here again the pressure-filter does not detect the soluble state, for 
some of Griibler’s caseinogen had passed into solution in the lime water, 
and yet it was not a filterable solution, whereas the same substance in 
solution in NaHO was filterable. 
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I conclude that the alkali “dissolves” the caseinogen of milk; but is 
it a ‘solution’ after the manner of sugar or egg-albumin in water, or a 
combination between the caseinogen and the alkali? Griibler’s pure 
caseinogen was dissolved in a 8 % solution of NaHO to the extent of 
1 °/,; after the proteid was wholly in solution—i.e. there were no 
particles visible—the substance was titrated, when it showed the 
presence of 64 % free alkali, therefore 16 °/, of NaHO had become 
united to the proteid. In other words, 16 parts of alkali had become 
combined with 100 of caseinogen so that their ‘alkalinity’ was chemi- 
cally masked. This liquid was now pressure-filtered, when the filtrate 
showed, on titration, ‘24 % free alkali, and by Kjeldahl's estimation 
‘12 % proteid. The dilution of proteid per cent. is very marked, a fall 
from 1 °/, to 12 %: d. per 100 parts proteid, 12 parts are filterable, 
while from a solution with 64 %% free NaHO, a solution with 24% 
free alkali is derived, i. e. 37°5 % of the free alkali passes through. 

Thus, the free alkali passes through practically three times as easily 
(or as rapidly) as does the proteid with alkali combined. 

This action of alkali on milk can be understood if we may assume 
that the caseinogen is particulate, ie. not in solution, the addition of 
the alkali dissolving up the caseinogen particles. There is, indeed, 
quite a distinct clearing action on milk when alkali is added to it, a 
rendering of it more translucent ; and this is altogether apart from the 
later development of a brown or dark yellow pigment. On the assump- 
tion that caseinogen is in ‘solution,’ it is not easy to explain why 
addition of alkali renders it filterable, unless the alkali on combining 
with the proteid breaks up the hypothetical ‘molecular aggregates‘ of 
the colloid into very much smaller atomic groups of alkali-proteid. 
Griibler’s caseinogen is, of course, particulate and as insoluble in water 
has no pressure-filtrate, the action of alkali upon it can be none other 
than dissolving the particles to form the solution. 

My best thanks are due to Professor Gaule of Zürich for much 
suggestive advice, and to his assistant Dr Hiiber for his willingly 
given aid. 


SuMMARY. 


1. Almost all the commonly occurring proteids or proteid-allies 
pass through the pores of a Chamberland filter in the interior of which 
the pressure is considerably below that of the atmosphere; the rate of 
filtration differs widely with different colloids. 
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2. Caseinogen in milk (whether diluted or not and decalcified or 
not), and Griibler’s caseinogen dissolved in lime water, do not yield 
pressure-filtrates. 


3. Native caseinogen and also Grübler's caseinogen if dissolved in 
dilute alkali (NaHO), yield pressure-filtrates. 
4. The assumption that caseinogen is particulate would explain 
(1) Its non-filterability with diatomaceous filter. 
(2) Its becoming pressure-filterable because soluble in alkali. 
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1. PRELIMINARY. 


THE great importance in the life of all protoplasm of the complex 
phosphorus-containing bodies—the nucleins—makes it a matter of no 
little interest to attempt to follow the change of that element within 
the body. There is now no doubt that in plants and in the lower 
animals the simple inorganic compounds of phosphorus, such as the 
phosphates, are used in the synthesis of the nucleins, and the 
investigations carried out by one of us! on the exchanges of phosphorus 
in the salmon show that even in fishes a similar synthesis is effected. 
As yet we know little of the progress of such synthesis in the 
mammalia, Rohmann“, as the result of investigations carried on in his 


Salmon in Fresh Water, 1898. Also this Journal, XXII. p. 383. 1898. 
2 Berl, klin. Wochensch, 1898, p. 789. 
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laboratory, has come to the conclusion that in dogs at least the 
inorganic Phosphorus compounds are hardly used at all, but that the 
phosphorus of organic compounds, such as nutrose and vitellin, is alone 
available in the metabolism. 

As a preliminary to the study of the metabolism of phosphorus a 
knowledge of its channels of absorption and excretion is required. 


2. ABSORPTION AND EXCRETION OF PHOSPHORUS. 


(i) General considerations and previous work. Dogs. The obser- 
vations of Bischoff* are the ground-work of our present knowledge 
on this subject. By experiments upon dogs he showed that in the 
starving animal the proportions of N to P, O, in the urine is as 6˙4 to 1 
while in muscle it is as 7°6 to 1. When the animal was fed on lean 
beef the proportion in the urine was as 81 to 1. On such a diet 
nearly all the phosphorus of the food was excreted in the urine, only a 
very small amount appearing in the feces. On a diet of bread the 
proportion of N to P. O, was 37 to 1, but a much larger proportion of 
the phosphorus appeared in the feces. On a meat diet 90% of the 
phosphorus and 98°/, of the nitrogen were excreted in the urine while 
on a diet of bread 85% of the phosphorus and 92°/, of the nitrogen 
were excreted in the same way. 

Such observations would seem to indicate that in dogs the absorption 
of phosphorus in the quantities in which it exists in these foods is very 
complete, and that the kidney is the chief channel of excretion. 

In the human subject on a mixed diet North? found tbat about 
equal quantities of the phosphorus of the food were excreted by the 
kidney and by the bowel. In the food the proportion of N to P,O, 
was as 4°5 to 1, while in the urine it was as 7 to 1. 

Some older observations of Siewert“ made on himself on a diet 
of meat and vegetable and with 1 grm. of CaO added to the food do 
not give this difference between the nitrogen and phosphorus of the 
intake and of the urine. In his experiments the proportion was 
roughly, intake 4:1; urine 5:1. These results are the more interest- 
ing because lime salts have been supposed to form an insoluble compound 
with phosphoric acid in the intestine and thus to * its absorption. 

1 teck. f. Biol. . p. 809. 1867. 

2 Proc. of the Royal Soc. xxxvi. p. 14. 1888. 


tech. f. ges. Naturwis. XXI. 
Experiments. 1897. 


16—2 


4 
ig 
2 
i 
4, 
hy 
* 
i 
om 
4 
¥ 
~ 
17 
— 
15 
— 
fe 
aa 
FF 
* 
* 
* 
2 
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Herbivora. It has been for long known that in herbivorous animals, 


in the food of which the proportion of phosphorus to nitrogen is very 


high—in cereals as much as 1 to 2, the urine contains only very 
small quantities of the former element. The following figures taken 
from At water's Digest of Metabolism Experiments show this very 
clearly. i 


P.O; in grms. . P40, in grins. 
Food Urine Feces Gain Food Urine  Feeces Gain 

Oxen! 1484 224 990 22 Sheep* 00 
1415 50˙7 726 # £182 2°7 00 2°5 02 

1866 11˙6 1116 #8 18° 


Such results indicate either that the absorption of phosphorus in 
herbivorous animals is very imperfect, or that the waste phosphorus is 
excreted by some other channel than the urine. The observations on 
sheep seem to tell strongly against the former hypothesis for it is 
incredible that these animals should live without any waste of their 
phosphorus-containing tissues. Ludwig long ago expressed the view 
that in herbivorous animals the phosphates might be excreted by the 
bowel. We are not aware of any direct experiments on this point, but 
several series of observations at least suggest that even in the dog 
phosphorus may be in part excreted by the intestine. Voit“ found that 
the feces of starving dogs contains phosphates. Kolpakcha‘ found 
phosphorus still present in the fœces of dogs fed upon a phosphorus free 
diet; while Falck“ found, after injecting phosphate of soda into the 
vein of a dog, that in two of his three experiments less than 70% was 
recovered in the urine. 


(ii) Normal intake and output of phosphorus in dogs on miaed diet. 
Exp. I. In the dog used by Noél Paton, Dunlop and Macadam‘, 
in their observations on the influence of diphtheria toxin on the meta- 


bolism the intake and output of nitrogen and phosphorus were studied 
from June Ist to June 5th with the following results :— 


1 Emery and Kilgore. North Caroline St. Bul. 118, p. 250. 1893. 

* Jordan, Maine Station Rep. 1885-86, p. 44. | | 
’ Hermann’s Handbuch, v. p. 378. 1881. 

* Quoted by Atwater, op. cit, 

5 Virch. Arch, uv. p. 178. 1872. 

This Journal, Xxtv. p. 831. 1899, 
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in dog on diet of Indian meal and milk. 


NITROGEN | PxospHoric Acip 
Intake Outpu = Intake Output 
Days Food Urne Feces Total Food Urine Feces? Total 
1 6°83 6°50 1°03 7°53 3°04 1°16 1°86 8°02 
2 6°83 4°42 103 5°45 3°04 1:00 1°86 2°86 
8 0°00 1°71 0°60 2°31 0:00 0°38 1°86 2°24 
4 6°83 5°48 0°92 6°40 8°04 1°16 1°86 3°02 
5 683 3886 092 4-78 B04 068 16 2°74 
Totals 27°32 21°97 4:50 26°47 12°16 4°58 9°30 13°88 
There appeared in the urine— 
of the nitrogen excreted 84 per cent. 


of the phosphoric acid excreted 32 „ 
The proportion of N to P, O, was about 2: 1 in the food and 5:1 
in the urine, 

The following table gives the amount of phosphorus in the food 
in organic and inorganic combination. In its construction the analyses 
of cows’ milk given by Siegfried* have been employed, while the 
inorganio phosphorus of the meal is the phosphorus which is dissolved 
by weak acetic acid. ; 


Phosphorus as P. O, in dog’s food. 


Ne Per cent. Total Per cent. Total 
Indian meal. Milk. 
Total P, O, Total PO, 0°150 1:050 
Inorganic „ 0871 0742 Inorganic „ 0074 0518 
Organio „ 0-462 0°924 Organio „ 0˙076 
P,O, in organic combination = 1°456 | 
” inorganic ” = 1°260 


Exp. V. p. 219 gives on a somewhat similar diet an excretion 
of 43°/, of the phosphorus of the food in the urine. 

Goat. See Exp. IV. p. 218. Here the proportion of nitrogen to 
phosphoric acid was 2 to 1 in the food and 99 to 1 in the urine. 

In dogs on a vegetable diet only a comparatively small 
portion, and in goats practically none of the phosphorus of 


the food is excreted in the urine. 


1 Throughout this paper weights are expressed in grms. and fluid measures in c.cms. 
* The phosphoric acid was determined in a sample of the mixed feces of the period. 
3 Ztsch. F. phys. Chem. XIII. p. 575. 1897. 


Veh 
1 
55 
77 
+ 
2 
28 
¥ 
4 
— 
‘ 
re 


— 


| 
| 


216 D. V. PATON, J. C. DUNLOP AND R. S. AITCHISON. 


In order to determine how far this may be due to the excretion of 
phosphorus by channels other than the kidneys the following experiments 
were performed. 


(iii) Injection of phosphates of soda. The general plan of these 
experiments was to bring a goat as representing the herbivora, and a 
dog as representing the carnivora, into nitrogen and phosphorous 
equilibrium, to estimate day by day the excretion by the urine of 
phosphorus as phosphoric acid, to administer subcutaneously a solution 
containing a definite amount of phosphate of soda, and to ascertain to 
what extent it is excreted by the kidneys. — 

Exp. II. Goat. A goat was selected because it is easily kept and 
fed and it yields a sufficient quantity of urine and milk for analysis. 


TanLR II. Influence of subcutaneous injection of phosphate of soda 


in the goat. 
Urine Milk 
Date N N P20; 
26. vf 270 008 2°64 
27 369 O08 2.73 104 
28 239 O12 2°70 0°88 
29 225 O08 278 1°05 8 grms Na, HPO. 1˙5 grms P. O, injeoted 
30 212 O08 302 1718 subcutaneously 
1. 1 221 008 314 1°10 
2 210 O06 3808 120 
3 224 O06 289 #119 7 grms Na,PHO,=3°5 grms P. O, injected 
4 266 O08 245 # 1:00 subcutaneously 
5 186 0°08 i288 # 1°24 
6 207 O08 8:02 


The evidence is thus conclusive that in the goat P, O, thus injected 
is not excreted in the urine or in the milk—that it must be excreted 
by the intestine. 

Exp. III. Dog. Our object being to study the excretion of phos- 
phorus on a mixed diet the animal was fed on Spratt’s dog biscuits and 
milk—two biscuits and 700 cc. of milk per diem. It was kept in a 
cage with a sloping zinc floor and the urine was collected in a vessel 
placed below. The feces were hard and formed and were removed 


as soon as possible after they were passed. There was no admixture of 
feeces with the urine. 
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Taste III. Exoretion of phosphoric acid after subcutaneous injection of 


phosphate of soda im the dog. 
Urine 
Date Amount PO 
80. vr 200 1°92 
I. n 320 1°50 
2 360 2˙64 
8 170 1%2 28 grms Na,HPO,=1°7 grm P. O, 
4 450 81°96 
5 300 142 
6 830 


The average daily excretion of phosphoric acid for the 30th June 
to 2nd July and for the 5th and 6th was 1'85grm. After 1°7 grm. of 
P. O, it rose to 1:96—a rise of only 0°11 grm. 

Falck! after injecting phosphate of soda into the jugular vein 
of a bitch recovered the following amounts in the urine. 


Injected 
NagHPO, 
as 88 Per cent. 
P20 105 excreted hours 
Exp. 1 21899 2°257 100 7 
1 4°0363 2°7293 70 9 
„II 87812 2127 


These and the present observations show that in the goat and to a 


less extent in the dog phosphates must be excreted by channels other 
than the kidney. 


(iv) Influence of lactation on the excretion and absorption of 
phosphorus. That in herbivora there is an excretion of phosphorus by 
the intestinal mucous membrane as well as an absorption by this 
channel is further demonstrated by the proportions of phosphorus in 
the various excretions in the a during lactation and after milk 
secretion is stopped. 

Exp. IV. The weight of the goat throughout the e was 
39 to 39°5 malas. 


1 Loc. cit. 
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Taste IV. Excretion of nitrogen and phosphorus in the goat during 
A. During lactation. 


Nitrogen (as P20) 
Intake per diem. 1000 grms. hay 8°26 3°60 
100 ,, oatmeal 2°77 1°10 
Totals 11°03 4°70 
Output Nitrogen Phosphorus (as P, 
Date Urine Milk Feces Total Urine Mik Feces Totals 
20.x 204 1756 895  12°746 0025 O781 492 £5676 
21 230 861934 675 £10°984 0060 0-761 3863 4451 
24 210 1959 #823 19189 +0008 — 84 — 
25 2°32 1762 9°04 18°122 0040 O788 #834 4˙118 
26 238 1908 12'518 0°060 O777 3°33 4°167 
27 2°46 1821 625 10'531 0050 0-756 301 8816 
B. Milk secretion stopped. 
Nitrogen (as 5300 
Intake per diem. 1000 grms. hay 5°33 8°12 
100 „ oatmeal 2°77 1°10 
Totals 8°10 4°22 
Output Nitrogen Phosphorus (as P,0,) 
Date “Urine Feces Totals Grine Feces Totals 
23. 1 198 #565 7°68 0020 421 4°230 
24 198 586 7°84 421 
25 176 641 8˙17 0°025 4°21 4°235 
Average of 12°63 
of whole. 


The results of these observations may be tabulated as follows :— 
With milk secretion. 


Intake, 
N. P,0; 
11°03 4°7 
Output. 
P,0, 
Urine Faces Milk Total Urine Faces Mik T 
Average daily 226 791 184 1201 005 862 078 4°40 
Without milk secretion. | 
Intake. 
x. rio 
8°10 4°22 
Output. 
2 
Urine Faces Milk Total Urine Feces Milk Total 


Average daily 191 597 OO 788 002 421 OO 4°23 
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Thus a smaller proportion of the phosphorus taken appears in the 
feces during lactation. A study of the nitrogen gives no indication of 
any increase in absorption during lactation, and the evidence thus seems 
to point to a diminution in the excretion of phosphorus by the bowel 
due to a retention of a certain proportion for the formation of the 
phosphorus compounds of the milk. This seems to indicate that it 
is not imperfect absorption of phosphorus that induces the 
absence of phosphoric acid from the urine of herbivora, but 
its excretion by the bowel. 

The appended table gives the distribution of phosphorus in organic 
and inorganic combination in the food of the goat. 


Phosphorus compounds of goat's food. 
Per cent. In diet Per cent. In diet 
Hay. Oatmeal. 
Total 0°312 3°12 Total 1˙11 1˙11 
Inorganic 0°100 1°00 Inorganic 0°13 0°13 
Organic 0°212 2°12 Organic 0°98 0°98 
The diet contained phosphorus in organic combination 3°10 grm. 
” ” ” ” inorganic ” 1°13 rm. 


The following observation is of interest as showing the difference 
between the goat which excretes practically all its phosphorus by the 
bowel, and the dog which excretes only a portion by that channel. . 


Exp. V. A pregnant spaniel bitch got daily 
Pw, 


Nitrogen 
Oatmeal 300 grms, = 6°37 3°33 
Bovril 10 grms. 0°52 0°07 
Milk 700 grms. = 3°27 1°40 
Totals 10°16 4°80 


TABLE V. % 
before and during lactation. 


Urine 
Date 
13. vn 954 211 Pups born on 8th. 
14 8°88 256 Urine 
Average 849 2°05 16. vm 4°20 1°14 
17 40 115 
5, vn 9°74 2°80 Average 4:45 1°14 
6 7°04 2°20 
Average 8°39 2°25 
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Here the excretion of phosphorus i in the urine is diminished pro- 
portionately to the diminution in the nitrogen excretion, as the result 
of the withdrawal of the element for the production of . 


3. THE NATURE OF THE PHOSPHORUS COMPOUNDS OF MILK. 


It has been for long known that a certain quantity of the phosphorus 
of milk is in organic combination in caseinogen and in lecithin, and it 
has been very generally assumed that the remaining portion is in 
inorganic combination. 

But the investigations of Siegfried’, Wittmaack' and others, 
have shown that a portion of this phosphorus supposed to be in 
inorganic combination is really part of a somewhat complex organic 
substance, which, unlike inorganic phosphates, is not precipitated by 
ammonia and calcic chloride. This substance readily yields carnic acid, 
which according to Siegfried has the empirical formula CHN, O, 
and is identical with anti-peptone. If this be so phosphocarnic acid is 
of the nature of a nuclein or pseudo-nuclein. 

Wittmaack’s investigations show that in 1000 c.c. of cow's milk 
about 0°09 grms. of the total 1°5 grm. of P,O, is as phosphocarnic acid. 
In the same amount of human milk of the 0°47 grms, P. O, present, 
0°195 grms. are in this combination. In cow's milk the caseinogen of 
1000 c.c. contains 0°58 grms. P,O,, and in human milk there is in the 
same quantity 0°16 grms. of P,O,, in this form. 

The most recent investigations on the phosphorus in lecithin i in 
milk is by Stoklasa*. He shows that in 1000 Cc. of cow’s milk there 
is 00091 grms. P,O, in this combination and in human milk 00153 grins. 

The object of our investigations was not to determine the proportion 
of phosphorus in these various compounds but to ascertain the pro- 
portion of organically combined to inorganically combined. 

Method. (A) The total phosphorus as P, O, was determined in 
25 c.c. of milk in the usual manner. 

(B) 50 c.c. of milk were mixed with 100 cc. methylated spirit and 
tannic acid and left standing for a month. 

About 500 c.c. of water acidulated with acetic acid was added, and 
the precipitate extracted repeatedly with water to about 1000 c. o. 
This was filtered off. To the filtrate ammonia and calcic chloride were 


! Ztsch. f. phys. Chem. XXII. p. 576. 1897. 2 Ibid. xxu. p. 575. 1897. 
tech. f. phys. Chem. XXIn. p. 843. 1897. 
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added, and after standing for 24 hours the precipitate was filtered off 
and washed with a weak solution of calcic chloride and.ammonia. 
The phosphorus in the precipitate was determined gravimetrically 
in the usual way, care being taken to wash the lime salts out of 
the molybdate precipitate with 10°/, nitrate of ammonia solution. 

The residue containing the casein and lecithin was burned with 
caustic potash and nitre, and the phosphorus determined gravimetrically. 

The P,O, in phosphocarnic acid compounds was determined by 
evaporating the filtrate from the inorganic phosphate and estimating 
the phosphorus as P,O, in the usual way; care being taken to wash 
out the lime from the molybdate precipitate. 


Milk of 


7. vn 8. vn 16. vn 1. 
Casein and lecithin 0-060 0°069 0-101 
Inorganic 0-138 0°130 0˙130 0188 
Phosphocarnic acid Not determined 0042 0047 
Total 0°241 0°336 


Total on 16. vn and 17. x by Dr Aitchison’s independent analyses 0285 and 0336. 


If these analyses of the milk of the goat are compared with the 
analyses of Siegfried, Stoklasa, etc., of the milk of the cow and of 
the human N the following results are obtained. 


0˙04 0˙007 0°047 
Cow 0-076 0074 0˙150 50 
Goat 0°13 0°16 0°29 41 


4. OBSERVATIONS ON THE ADMINISTRATION OF GLYCERO- 
PHOSPHATE OF LIME. 


Glycerophosphorie acid is one of the simplest organic e 

of phosphorus. It is also a normal product of the decomposition of 
lecithin, and as lecithin is split in the intestine it is a normal con- 
stituent of the contents of the gut. 
The glycerophosphate of lime which was supplied to us by Roberts 
and Son is a very soluble salt and it was hoped by its use to prevent 
the formation of the ordinary insoluble phosphate of lime in the 
intestine. It has been claimed for this salt that it is "= readily 
absorbed. 
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Two observations were made upon the dog and one on the goat 
during lactation. 

Err. VI. Spaniel bitch. Diet per diem, 2 Spratt’s dog bisouits and 700 6. milk. 
(This is a continuation of Exp. III.) 


Taste VII. Excretion of nitrogen and phosphorus as PO, after 


| glycerophosphate of in 
Urine 

7. 7538 1°62 

8 8°76 1°90 

9 9°80 2-04 4 
10 6:04 1°36 8 germs. glycerophosphate of lime by mouth=1°6 grm. P,O, 
11 8°78 2°62 
12 7°44 1°60" 
13 6°93 1°60 


Exp. VII. Setter bitch. Diet per diem, 500 grms. oatmeal and 700 0.0, milk. 
Taste VIII. of nitrogen and phosphorus as P.O; 


glycerophosphate of lime in dog. 
Date N. P20; 
14. x 12°82 3°40 
15 1131 30˙16 
16 991 380 20 grms. glycerophosphate of lime by mouth=4 grms. P,O, 
17 910 38°00 
18 — 3°36 


Exp. VIII. In the goat during milk secretion the following obser- 
vation was carried out as a continuation of Exp. IV. : 

On the 27th and 28th the animal got 10 grms. of glycorophosphate 
of lime—20 grms, iu all, equivalent to 4 grms. of P, O, 


Taste IX. Fræeretion of nitrogen and phosphorus as P, O, after 


di * f i of h t of la 

Output Nitrogen Phosphorus (as PO,) 
Date Urine Mun § Feces Totals “Urine Milk Feces Totals 
28. x 200 749 11°425 004 0-795 412 4-955 
29 2°38 41528 «711 11-018 005 0666 492 6'656 
80 2°27 1872 10842 003 0664 408 
81 2°18 1643 486 8688 004 O718 454 5298 
1. 204 1694 8˙01 11744 004 0694 408 4814 

Average daily excretion. 

Nitrogen Phosphorus (as P,0,) 
Urine Milk Feces Totals Urine Milk Faces Totals 
Before (Table IV. a p. 218) 2°26 1°84 7°91 12°01 005 O71 862 4°38 


After (Table IX.) 216 1˙67 6˙89 10˙72 004 0-75 435 5:14 
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This shows practically no increase in the excretion of phosphorus 
in the milk, nearly all the phosphorus taken being recovered in the 


5. CONCLUSIONS. 


1. In dogs on a vegetable diet, a large proportion of the phosphorus 
of the food is not excreted in the urine. 

2. In dogs a large proportion of phosphoric acid injected sub- 
cutaneously as phosphate of soda is not excreted in the urine. 

3. In the goat none of the phosphoric acid injected subcutaneously 
is excreted in the urine. 

4. In the goat practically none of the phosphoric acid formed in 
the body or contained in the food is excreted in the urine. ; 


5. In the goat during lactation the excretion of phosphorus by the 


bowel is diminished to meet the requirements of milk formation. 

6. From this it may be concluded that in the normal condition, 
with the animal in phosphorus equilibrium, the absorption and excretion 
of phosphorus by the intestine are equal. 

7. In the dog during lactation there is a diminished excretion of 
phosphorus in the urine. 


8. The milk of the goat contains a very high proportion of 


phosphorus and the percentage of organically combined phosphorus is 
lower than in the milk of the human subject or of the cow. 


9. The administration of the soluble glycerophosphate of lime by 
the mouth causes no increased excretion of phosphorus in the urine in 
the dog, or in the urine or milk of the goat. 


6. APPENDIX. 


For the general arrangement of the experiments and for most of the phosphorus 
analyses Dr Noél Paton is responsible. Dr Aitchison undertook the analysis of the 
phosphorus in the milk and feces of Exps. I., IV. and VII. while Dr Dunlop carried out, 
or superintended the carrying out, of the nitrogen analyses. We have to thank Prof. 
Aitken of the Royal Veterinary College for analyses of the phosphorus of hay. 


METHODS. Goat. Collection of urine. A special stall was constructed with a sloping 
zine floor so arranged that any urine passed upon it was collected in a vessel behind it. 
Throughout the observation the animal never micturated in the stall, but did so thrice 
daily into a basin when it was allowed to come out of the stall for exercise. ll 
contamination of the urine was thus avoided, 

Collection of faces. These were collected from the zine floor of the cage and at the end 
of each 24 hours they were weighed, rubbed up in a mortar and a sample of about 30 grms, 
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taken and dried after the addition of a little sulphuric acid. The dry residue was weighed 
and used for analyses. 

Collection of milk. The goat was milked twice daily into a clean glass vessel. | 

Food. To secure uniformity of composition and ease of analyses the food consisted of 
chopped hay and oatmeal with water. On this diet the animal’s health remained good for 
prolonged periods. 

Methods of analyses. The phosphorus in the urine was determined as P,O, by titrating 
100 C. 0. with nitrate of uranium in the usual way. On several occasions the urine was 
evaporated and ignited with caustic potash and nitre and the phosphoric acid determined. 
Concordant results were obtained. 3 

The phosphorus of the food, milk and feces was determined gravimetrically as 
pyrophosphate of magnesium. 

_ The nitrogen of food, milk, urine and faces was determined * Kjeldahl's method. 


Analyses of foods. 
Hay. 1. Sample used in October, 1898. 
Nitrogen. 2 9 taken. 
Against 40 c. o. 10 H,80, 28°8, 282, 28-0, 0.0. used = 826 %. 
Phosphorus. Prof. Aitken’s analysis. Moisture 15˙27 % . P. O, 0360. 


2. Sample used in November, 1898. 
Nitrogen. 2 grms. taken. 


Against 50 10 H,80, 42 8, 42.2 525 
Against 40 aa. acid, 820, 82:1, 82-7, 541% 


Average 0°533 %. | 
Phosphorus. Prof. Aitken’s Moisture 14°33. P. O, 0312. 


Oatmeat. Phosphorus. A=5grms. B=5 grms. 
Phosphate of magnesia weighed. : 
A=0-°086 grm. B=0088grm. Average 0-087. 
111%. pes 
Glycerophosphate of lime (Roberts). 
A. 2 grms. B. 2 grms. 
Phosphate of magnesia weighed. 
A. 0°636. B. 0-623. =0°629. 
P,0, =0°408 grm. =20°/,. 
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THE SUPPOSED OXIDATION OF CARBONIC OXIDE 
IN THE LIVING BODY. By JOHN HALDANE, MD, 
F. RS. (One Figure in text.) 


(From the Physiological Laboratory, Oxford.) 


IN a recently published paper Wachholtz’, has described experiments 
which appear to afford very strong evidence that carbonic oxide is 
oxidised, or otherwise destroyed, in the living body. He found that 
when mice and other animals are shut up in a closed air-space, the 
carbonic acid being constantly removed by potash and sufficient oxygen 
being supplied, carbonic oxide introduced into the air-space gradually 
disappears until none is left. Thus, to quote two striking experiments, 
when three mice were left in a glass cylinder of 7 litres capacity 
containing oxygen in which 14 and 36% of carbonic oxide was present 
at the beginning, the air was found to be entirely free from carbonic 
oxide at the end of 24 hours. The carbonic oxide evidently could not 
have been simply absorbed by the hemoglobin of the animals; and as 
control experiments, in which everything was said to have been the 
same except that the animals were absent, gave an entirely negative 
result, it seemed clear that the carbonic oxide must have been destroyed 
in the living bodies of the animals. 

The answer to the question whether carbonic oxide is destroyed 
in the living body, and whether, as Wachholtz concludes, this destruc- 
tion is the chief factor in recovery from carbonic oxide poisoning, is not 
only of interest in itself, but also concerns the carbonic oxide method 
used by Lorrain Smith and myself“ for determining the oxygen 
tension of arterial blood. If carbonic oxide were really destroyed at 
the rate indicated by Wachholtz’s experiments the carbonic oxide 
method would be unreliable. In our first paper on this method (p. 514) 
we referred to the very clear evidence brought forward by Gaglio‘ 
against the hypothesis that carbonic oxide is destroyed in the body. 

1 Phiiger’s Archiv, txxtv. p. 174, 1899; also XXV. p. 341, 1899. 
2 This Journal, xx. p. 497, 1896; XXI. p. 281. 1897. 
8 Arch. f. exper. Pathologie, xx. p. 236. 1887. 
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226 | J. HALDANE. — 
We also described further experiments by ourselves on this subject. 


The publication of Wachholtz’s paper has, however, rendered further 


investigation necessary; and I have accordingly repeated his chief 
experiments, with certain modifications which seemed desirable, 

The apparatus I employed is shown in the accompanying figure. The 
mice were placed on a wire gauze platform in a bell-jar, the capacity of 


which, when in position, was about 7 litres. The bell-jar stood in a 
dilute solution of caustic soda, which closed it below, and served for the 
absorption of carbonic acid. The bell-jar had a rubber stopper above, 
through which passed two tubes—one for the supply of oxygen, and 
the other, of almost capillary bore, and provided with a tap, for taking 
samples of air from the bell-jar for analysis. The oxygen was supplied 
from a large bottle, which was filled with oxygen from a cylinder. A 
steady current of oxygen towards the bell-jar was maintained by the 
arrangement shown. The excess of oxygen was allowed to bubble out 
through water by an overflow tube, oxygen being sucked into the 
bell-jar through a test-tube, containing water. This test-tube was so 
arranged that the pressure in the bell-jar remained always negative. 
The object of this was to prevent all chance of carbonic oxide leaking 
out of the bell-jar in any other way than by the exceedingly slow 
diffusion which would doubtless occur through the caustic soda solution. 

The animals having been placed in position along with some water 
and oats, a small quantity of carbonic oxide was introduced into the 
bell-jar from below through a tube. After a delay of an hour or more, 
to ensure thorough mixture of the carbonic oxide with the air, and to 
allow of the animals absorbing the maximum quantity of carbonic oxide, 
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a sample of air was taken by attaching a completely vacuous gas- 
receiver, of about 40 C. capacity, and provided with a perfectly sound 
tap at each end, to the tube for taking samples. Further samples were 
afterwards taken at intervals till the end of the experiment. 

The carbonic oxide was determined by combustion with a platinum 
spiral in the gas-analysis apparatus described by me in this Journal“. 
As the finely graduated portion of the burette was used the determina- 
tions were reliable to about 005 % . About 20c.c. of air were used for 
an analysis, Both the contraction on combustion and the carbonic acid 
formed were measured, so that the carbonic oxide could be sharply 
distinguished from the very small amount of methane given off by the 
animals. The percentages of carbonic oxide found by analysis refer, 
therefore, to pure carbonic oxide, and do not include methane. 

In the first experiment four mice, of which one died after four 
hours, and the others showed the usual moderate symptoms of carbonic 
oxide poisoning, were placed in the bell-jar. The percentages of carbonic 
oxide found were as follows :— 


of CO 
Sample 1 0°17. 
„ 2 after 44 hours 0°17 
55 3 ” 84 ” 0°17 


” 4 ” 18 ” 0-17 
” 5 ” 29 ” 0°17 


The first analysis showed the presence of 005 % of methane, and 
the last 03%. The percentage of carbonic acid formed ov combustion 
of the air was thus actually greater at the end than at the beginning, 
although the percentage of carbonic oxide was the same. 

For further certainty one of the mice was quickly removed and 
drowned at the end of the experiment, and the percentage saturation 
of its hemoglobin with carbonic oxide determined with carmine solution, 
as in an experiment on arterial oxygen by the carbonic oxide method. 


The saturation found was 67°/,. This value corresponds as closely as 


possible to what would be expected in a mouse with 17 °/, of carbonic 
oxide in the air. The percentage of oxygen in the air was 21°6, and of 


carbonic acid 0°31, at the end of the experiment. The mice all showed 


the usual symptoms of carbonic oxide poisoning till the end of the 
experiment; and the two which survived recovered completely in a 
few minutes after being taken out. 
In a second experiment air rich in oxygen was used, in order to 
1 XXII. p. 465. 1898. 
PH. xxv. 17 
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228 5 J. HALDANE. 
make it possible to employ a larger percentage of carbonic oxide and at 


the same time keep the animals free of serious symptoms of poisoning: 
Four mice were used. The results of the analysis were as follows: 


/ of CO 
(a) 
„ 2 after 17 hours 0°31 es 


At the end of the experiment there was ‘015 % of methane, 56-9 % 
of oxygen and 0°70 °/, of carbonic acid in the air. The mice were very 
little affected by the carbonic oxide throughout the experiment. 

The results of the two experiments were thus entirely negative ; 
and no shadow of doubt remained that carbonic oxide was not ap- 
preciably destroyed in the bodies of the animals. It could at least be 
said with certainty that not more than ‘01 % of the carbonic oxide, or 
0˙7 c.c. in all, had disappeared. This implies that each mouse could 
not have consumed more than 007 cc. in an hour. The total blood 
of a full-grown mouse is probably capable of taking up from 2 to 3 c.c. 
of carbonic oxide in combination with hemoglobin; and 007 c.c. is 
about 3 °/, of this quantity. Hence one may say that at any rate not 
more than 3 °/, of the carbonic oxide which the blood is capable of 
holding is oxidised within an hour. In an oxygen tension experiment, 
however, the blood attains its maximum saturation within ten minutes 
in the case of a mouse’: hence the amount, if any, oxidised within this 
period would be less than 05% of the total capacity of the blood, so 
that any possible error due to oxidation of carbonic oxide in an oxygen 
tension experiment would fall well within the limits of experimental 
error. Nor could oxidation of carbonic oxide have anything appreciable 
to do with recovery from carbonic oxide poisoning. A mouse which 
has absorbed sufficient carbonic oxide to saturate its hemoglobin to 60 
or 70 °/, recovers completely within a few minutes (unless the body 
temperature has fallen); and there is but one possible explanation of 
its recovery—namely that the carbonic oxide is given off through the 
lungs. The actual presence of carbonic oxide in the expired air of a 
recovering animal was demonstrated many years ago by Gréhant’. 

There can be little doubt that there was some source of fallacy in 
the experiments of Wachholtz, and in the previous ones made by 
Kreis“ in the same laboratory and by similar methods. What the 

1 Haldane and Lorrain Smith. This Journal, xxn. p. 237. 1897. 


2 Journal de Anat. et de la Physiol. p. 481. 1889. 
3 Phliiger’s Archiv, xxv1, p. 425. 1881. 
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source of fallacy was I am unable to suggest in the absence of more 
definite data as to the exact procedure followed by Wachholtz in his 
experiments and control experiments. He determined carbonic oxide 
by passing the air of the mouse-chamber through a copper oxide 
combustion tube, and estimating the carbonic acid formed with a 
titrated solution of baryta water. To this method, if used with the 
necessary care, no objection can be taken, except that the results may 
be too high in consequence of the presence of methane. A possible 
source of fallacy was that the strong potash (in sticks) used by 
Wachholtz for absorbing the carbonic acid in the animal chamber 
might have slowly converted the carbonic oxide into formic acid. To 
test this possibility I made the following experiment. Air containing 
a small percentage of carbonic oxide was confined over mercury in a 
small bottle containing several sticks of moistened caustic potash. At 
the beginning of the experiment the percentage of carbonic oxide 
found was 0°41, and after 18 hours 0°42. There had thus been no 
sensible disappearance of carbonic oxide, so that the presence of the 
strong potash would not account for Wachholtz’s results. 

Besides Wachholtz, Saint Martini has described experiments 
which seemed to support the hypothesis that carbonic oxide is oxidised 
in the living body. In these experiments a rabbit was confined in 
a Regnault and Reiset respiration apparatus to the air of which 
carbonic oxide was added, and a slow disappearance of carbonic oxide 
was observed. The amount which disappeared was, however, much 
less than the blood of the animal was capable of taking up in com- 
bination with the hemoglobin, according to Saint Martin's own 
calculation; and as in every experiment the symptoms of poisoning 
progressively increased it seems probable that the disappearance of 
carbonic oxide was in reality due to absorption of carbonic oxide by 
the animal. In one experiment the amount of carbonic oxide in the 
blood was determined at the end of the experiment, and found to be 
less than would account for the disappearance. It seems probable, 
however, that during the interval which elapsed after removal of the 
animal before its blood could be collected from the carotid artery part 
of the carbonic oxide had escaped by the lungs. At any rate the 
small percentage of carbonic oxide found in the blood did not at all 
correspond with what would have been expected from the symptoms 
of poisoning described and the percentage of carbonic oxide present in 
the air. For these reasons it appears to me that Saint Martin’s 
experiments are by no means convincing. 


1 Comptes Rendus, Ovi. p. 260. 1893. 
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ON CYANMETHAMOGLOBIN AND PHOTOMETHZ- 
- MOGLOBIN. By JOHN HALDANE, MD, FRS. 


(From the Physiological Laboratory, Oaford.) 


Four years ago a derivative of methemoglobin was described by Bock 
and named by him ‘ photomethemoglebin’. This substance, which has 
a red colour and characteristic spectrum, somewhat resembling that 
of hemoglobin, but with the dark band broader and less defined, is 
obtained by exposing very dilute solutions of methemoglobin to bright 
daylight. Bock prepared it by the action of light on a solution of 
methemoglobin crystals which had been purified by crystallisation. 
He also succeeded in crystallising it, and described fully its spectro- 
photometric properties. It is reducible to hemoglobin, though with 
difficulty, by reducing agents such as hyposulphite, ammonium sulphide, 
or bacteria, and its spectrum is the same in acid and alkaline solution. 

_ Having recently had occasion to prepare ‘cyanmethemoglobin’ I 
was at once struck by its resemblance to photomethemoglobin, and 
after careful comparison of the spectra and behaviour to reducing 
agents of the two substances, could detect no difference between them. 
Cyanmethemoglobin was discovered by Kobert“ in 1891. He was led 
to the discovery by an investigation of the nature of the patches of red 
colour which occur on the mucous membrane of the stomach and else- 
where in the bodies of persons who have died of hydrocyanic acid 
poisoning. He found that when hydrocyanic acid or a cyanide is added 
to methemoglobin solution the latter becomes red, and gives a spectrum 
like that of reduced hzemoglobin. He showed also that this change of 
colour and spectrum is an exceedingly delicate test for hydrocyanic 
acid. 

Bock’s photomethemoglobin was obtained from methemoglobin 
prepared by the action of ferricyanide on oxyhsmoglobin ; and it seemed 
possible that, in spite of the care taken in repeatedly crystallising the 


1 Skand. Archiv fiir Physiologie, vi, p. 299. 1895. 
2 Maly’s Jahresbericht, 1891, p. 443. | 
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_ methemoglobin, some of the ferricyanide was still present, and was 
decomposed, with liberation of hydrocyanic acid, by the light. To test 
this supposition I- first endeavoured to prepare photomethemoglobin 
from methemoglobin prepared in another way, namely by the action 
of iodine on blood. The result was entirely negative, in spite of pro- 
longed exposure of dilute solutions to bright sunlight. I then exposed 
to the light very dilute solutions of ferricyanide, without hemoglobin, 
afterwards adding methemoglobin in the dark. The result was that 
the photomethemoglobin spectrum was at once obtained. Moreover 
the exposed solution smelt-distinctly of hydrocyanic acid, and showed 
a precipitate of ferric hydrate, so that the ferricyanide had been 
decomposed by the light. The solution exposed required to be ex- 
ceedingly dilute. A solution strongly coloured by ferric anide was 
not appreciably decomposed. 

It thus seems clear that the formation of e e is 
not directly due to the action of light on methemoglobin, but to the 
action on methzmoglobin of hydrocyanic acid liberated in consequence 
of decomposition of ferricyanide by the action of light. ‘Photomethe- 
moglobin is thus in reality identical with ‘Cyanmethemoglobin.’ 

Bock regarded photomethemoglobin as a modification of methx- 
moglobin containing just as much oxygen as methemoglobin, but in 
a more firmly combined form. The fact that reducing agents reconvert 
photomethemoglobin or cyanmethemoglobin to hemoglobin certainly 
indicates that they contain more oxygen than hemoglobin; and Bock 
showed that the change from methemoglobin to photomethæmoglobin 
is not accompanied by any absorption of oxygen. In order to ascertain 
definitely whether any oxygen is driven out from methemoglobin by 
the action on it of hydrocyanic acid I made use of the apparatus 
employed in the ferricyanide method of determining the oxygen 
of oxyhemoglobin’. At the end of an oxygen determination with 
fresh blood the bottle was opened and the small tube taken out, 
filled with a dilute solution of potassium cyanide, replaced, and the 
bottle closed. As soon as the reading of the burette was constant 
this tube was upset in the usual way, so that the cyanide acted on 
the methemoglobin, It was found that there was not the slightest: 
evolution of gas although the solution now gave the spectrum of 
cyanmethemoglobin. It is therefore clear that the cyanide does not 
displace oxygen from methzmoglobin in the same way as nitric oxide 


1 This Journal, xx11. p. 303, 1898. 
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does. Cyanmethæmoglobin is doubtless a cyanogen compound of some 
kind with hemoglobin, but not a compound in the formation of which 
oxygen is displaced. Bock’s conclusion that there is just as much 
oxygen in ee as in nn would thus 
seem to be correct. f 
If blood solutions to which N has ie added be allowed 

to stand for two or three days cyanmethemoglobin is formed, in 
consequence, perhaps, of putrefactive changes leading to decomposition 
of the ferricyanide. Amyl nitrite, when added in excess to dilute blood 
solutions, may also give the cyanmethemoglobin spectrum, on account, 
doubtless, of the presence of traces of hydrocyanic acid in the reagent. 

Besides cyanmethæmoglobin the substance known as cyanhematin 
has been described by Hoppe-Seyler, and I made a few experiments 
to ascertain whether this body is identical with cyanmethemoglobin, 
as has been recently stated by Szigetil. I cannot, however, confirm 
his conclusions. The spectra and tints of cyanmethwmoglobin and 
cyanbematin are, it is true, very similar. The spectra are not, how- 
ever, quite identical, the absorption band of cyanhematin being some- 
what narrower and less diffuse. To obtain the cyanhematin spectrum 
a considerable excess of cyanide must be added to an alkaline solution 
of hematin, so that hematin is not a good reagent for the detection of 
hydrocyanic acid. The two substances can readily be distinguished by 
the action of ammonium sulphide. This at first causes no sensible 
alteration in the cyanmetbæmoglobin, which is only very gradually 
reduced to hemoglobin on warming and allowing the solution to stand. 
The spectrum and colour of the cyanhematin solution, on the other 
hand, are at once altered, a new and very striking spectrum appearing, 
and the solution becoming pinkish red. The latter spectrum is two- 
banded, the bands being very similar as regards their position and 
relative breadths to those of oxybemoglobin. They are, however, 
slightly nearer the violet end of the spectrum, and are not quite so 
well separated as those of oxyhemoglobin. This spectrum is doubtless 
that of a reduction product of cyanhematin, but is not that of hamo- 
chromogen, as asserted by Szigeti: nor has exposure to a vacuum 
any effect on the — of either e or cyanmethemo- 
— 


1 Maly’s Jahresbericht, 1808, p. 620. 
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FURTHER RESEARCHES ON THE PHYSIOLOGY OF 
THE MAMMALIAN HEART". By J. A. MACWILLIAM, 
M.D., Professor of Physiology in the University of Aberdeen. 
(Eleven * in Text.) 


part 1 On the Influence of Chloroform upon the Rate of 
the Heart-Beat, with some observations on the Effects 
of Asphyxia, &c. 


(From the Physiological Laboratory of the University of Aberdeen.) 


ENTERING some years ago upon an investigation“ of the mechanism 
through which the central nervous system affects the rate of the heart’s 
beat, I was led to examine the influence exercised by the presence of 
the chloroform used as an anzsthethic—its influence upon the heart 
itself and upon the cardiac regulating centres in the medulla oblongata. 
It is essential to know what changes may be brought about by chloro- 
form at different stages of its action and in different conditions— 
changes depending on alterations in the activity of the cardiac regu- 
lating nerves cr on modifications in the condition of the heart itself 
determined in other ways, by direct influence of the drug or less directly 
through changes in the blood-pressure, &c. | 

The information available on these points is neither very coherent 
or abundant. Dogiel® found (in rabbits) a primary diminution in the 
pulse-rate during the stage of excitement and a quickening in the stage 
of narcosis; the primary slowing he attributed to stimulation of the 
vagi and the subsequent acceleration to a paralysis of the influence of 
the same nerves. 


1 This Journal, vi11. p. 296, 1887; rx. p. 167, 1888; rx. p. 345, 1888; Im. p. 859, 1892; 
Proc. Roy. Soc., XIAv. p. 206, 1888; xurv. p. 208, 1888; xurv. p. 287, 1888; Lum. p. 464, 
1898; Brit. Med. Journ., 1. p. 6, 1889; 1. p. 884, 1889; n. pp. 831, 890, 948, 1890. 


1 el . Reichert u. Du Bois Reymond, pp. 281, 415. 1866. 
PH. XXV. | 18 
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Other observers describe two changes in the pulse-rate in animals 
and in man—first a stage of acceleration and secondly a stage of 
slowing. 

As to the mechanism of these changes there seems to be no precise 
knowledge. 

Some have affirmed that a paralysis of the cardio-accelerating 
centres in the medulla may occur, while others have regarded the exis- 
tence of a more or less asphyxial condition of the blood as probably an 
effective cause. 

The cardio- inhibitory centre in the medulla is spoken of by some 
writers as being paralysed during complete anwsthesia, while on the 
other hand Kappeler! states that the heart beats faster on cutting the 
vagi, a change that would not be likely to occur if the vagus centre had 
already been paralysed, te. exerting no slowing influence upon the 
cardiac rhythm. 

The experiments necessary for determining the actual modes in 
which chloroform may affect the heart’s beat do not seem to have been 
performed’. 

With a view to the elucidation of this question, I have carried out 
the following series of experiments :— 

(1) Experiments in which the entire regulating nervous mechanism 
of the heart was intact : 

(2) Experiments after section of the cardiac augmentor e the 
vagi being left uninjured : 

(3) Experiments i in which the vagi were divided, the cardiac aug- 
mentor nerves remaining intact : 

(4) Experiments in which all the nerves were divided —all 
direct connection between the heart and the central nervous system 
being thus severed. 

Modes of administering Chloroform. Chloroform was given in the 
following ways: 

(1) By inhalation, during natural breathing, from a towel or funnel- 
shaped inhaler placed over the mouth and nose. 

(2) By inhalation through a tracheal cannula after tracheotomy 
had been performed, the air being first made to pass through a bottle 
containing a small amount of chloroform or over a cloth, &c. on which 
chloroform was dropped. 


1 Anesthetica, p. 55. 1880. | 
short account of many of the resltsdesribed in this paper was published inthe 
Proceedings of the Royal Society, um. p. 464. 1893. 
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(3) When artificial respiration was carried on by blowing air into 
the lungs, the ansesthetic was supplied by chloroform being introduced 
drop by drop from time to time into a bottle through which the air 
going to the animal’s lungs passed. | ö 
Precautions were taken to prevent any undue lowering of the bodily 
temperature — by placing the animal upon a tin of warm water, oovering 


part of the skin with cotton-wool, warming the air used for artificial 
respiration, &c. 


Methods of recording the rate f the heart - beat. 


(1) Most frequently by a blood-pressure tracing obtained from the 
carotid artery. 

(2) Sometimes by a needle passed through the chest wall into the 
ventricular wall, and connected externally with a system of tambours. 

(3) Sometimes by a double tambour applied over the precordial 
region and connected with a recording tambour. 

(4) In experiments where the thorax had been opened, the rate of 
beat was often e by forms of apparatus such as I have described 
in former papers’, 

All the blood-pressure tracings reproduced in the figures are from 
cats and were obtained by means of a mercurial manometer, sodium 
carbonate solution being employed in the usual way to prevent coagu- 
lation. The time tracings in all cases mark seconds except in Figs. 
9 and 11, where they show half seconds. 


Methods of recording the respiratory movements. 


(1) By a receiving tambour (Utrecht form, &.) applied to the 
thoracic wall and connected with a recording tambour. 

(2) By a recording tambour connected to a tracheal cannula. 

I shall now proceed to state the main results of these experiments, 
the great majority of which were performed upon cats anzsthetised 
with chloroform alone. All the results enumerated in this paper are 
to be taken as directly applicable to the cat, unless where a statement 
to the — is made. 


1 This Journal, rx. p. 345. 


18—2 


* 
F. 
if 177 
= 2 
4 
fa 
2 
* 
8 
2 
14 
a 
og 
4 
1 
4 
Pp 
Ta 
= 
43 
\ 
wa 


236 J. A. MACWILLIAM. 


1. EXPERIMENTS IN WHICH THE ENTIRE REGULATING NERVOUS 
; MECHANISM OF THE HEART WAS INTACT. 


When chloroform is administered in the ordinary way by inhalation, 
two well-marked stages are usually evident in its action on the cardiac 
rhythm. 

(A) A stage of acceleration far beyond the ordinary pulse-rate of 
the animal. 

(B) A subsequent stage of slowing, the heart-beat being reduced 
from the abnormally rapid rate above-mentioned to a moderate rate. 
approximating the normal—it may be remaining somewhat higher or 
falling decidedly lower than the normal rate. These stages closely 
resemble the similar phases usually recognisable during the administra- 


tion of chloroform in man, though the acceleration is usually much more 


extensive in the cat. 


Stages of acceleration and slowing. 


The ordinary pulse rate in the cat is, according to my experience, 
usually about 120 or 130 (varying from 95 to 130) per minute in the 
normal state and while the animal is quiet. When chloroform is given 
a very striking rise occurs in the rate of the heart-beat—this rise being 
one of the phenomena of the stage of general excitement induced by 
the anesthetic. The increase of the pulse-rate is usually a great one, 
the pulse frequently rising as high as 240—250. The rapidity I have 
determined, (a) by means of a cardiographic arrangement of tambours 
brought into relation with the intact thorax; the receiving tambour 
was either applied over the region of the cardiac impulse or (at a some- 
what later stage of chloroform administration) more directly connected 
by the well-known expedient of passing a needle into the ventricles 
through the thoracic wall and connecting the external end of this needle 
with the tambour. 

(b) By means of blood-pressure tracings taken during the later 
part of the stage of acceleration after unconsciousness had supervened. 

In the great majority of cases, as the administration of chloroform 
progresses, but after a variable period, the abnormal rapidity of action 
diminishes and gives place more or less gradually to a rate of beat which 
may be called a moderate rate. The actual pulse frequency in this 
stage varies to some extent; often it corresponds pretty closely with 
the normal rate occurring in the quiescent animal prior to the commence- 
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ment of the giving of chloroform, thus in a cat which had a pulse-rate 
of 92—95 prior to the beginning of anæsthesia, ~ rate was 96 when 
well under chloroform. 

In other cases the pulse frequency may remain distinctly higher 
than the normal though still greatly reduced from that present in the 
previous stage of acceleration. 

In other instances again—and these are very numerous—the pulse- 
rate falls below the normal standard, eg. from a rate of 120 prior to 
the beginning of chloroform administration to a rate of 78—84. The 
fall is usually a comparatively slight one, but sometimes periods of very 
marked slowing may present themselves; these are usually of brief 
duration and are commonly associated with the presence of some con- 
diticn which is known to be capable of exciting the vagus (or cardio- 
inhibitory) centre in the medulla, eg. strong afferent impulses, the giving 
of too strong chloroform, interference with respiration, &c. 

Leaving out of account the occurrence of such periods of very 
marked slowing the moderate rate! above alluded to may be preserved 
with great regularity for long periods, provided the degree of anzsthesia 
be kept constant. | 

This stage usually continues when the narcosis is pushed to an 
extreme point so that the respiration becomes gravely depressed or even 
temporarily arrested. The heart beat indeed becomes gradually slower 
as this point is reached and this slow beat is still seen after the respira- 
tion has stopped. When the chloroform is stopped and recovery occurs 
either with or without the employment of a few movements of artificial 
respiration, there frequently occurs early in the process of recovery a 
change from the slow or moderately slow rate present during the con- 
dition of extreme narcosis and failing respiration to a rapid rate such as 
occurs in the early stages of chloroform administration, i. e. in the stage 
of acceleration. 

The general changes in the pulse-rate induced by chloroform in the 
cat greatly resemble those recognised in man—much more so than do 


1 Kappeler noted a slowing of from 4 to 30 beats per min. in the pulse of 20 patients 
whom he examined during deep chloroform anesthesia, as compared with their pulse-rate 
in a quiescent condition prior to the beginning of the chloroform administration, e. g. from 
80 to 50, from 60 to 52, from 72 to 48 (Anesthetica, p. 22). 

The Glasgow Anwsthetics Committee (British Medical Association) recorded more 
or less markedly slow pulses in a considerable proportion of 50 cases examined—a pulse 
of 64 in five instances, of 60 in seven, of 56 in five, and of 48 in one case (British Medical 
Journal, u. p. 958, 1880). 
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the changes observable under the influence of chloroform in the rabbit 
and some other animals. 

The change from the accelerated pulse-rate of the first stage to 
the moderate or slow rate of the second stage may occur quite 
suddenly (Fig. 1). | 


Fig. 1. Sudden halving of pulse-rate while chloroform was being given by inhalation in 
the usual way, The blood-pressure is seen to be lowered. The upper tracing is 
a record of the respiration—which remains unaffected. 


The rhythm may for example quite abruptly change, eg. from a 
rate of 38 in 10 seconds to one of 19, from 42 to 21, &c., and this may 
occur while the respiration—as shown by a simultaneous tracing—is 
entirely unchanged. 

Periods of slowed or quickened action may alternate, each replacing 
the other with marked abruptness, as may be recognised not only in 
blood- pressure but on inspection of an exposed pulsating artery or on 
palpation of the precordial region. 

The sudden change of the pulse to a rate exactly one-half the former 
rate is worthy of special notice; it strongly suggests a failure of the 
ventricles to respond in the normal way to each auricular beat, and the 
occurrence of a ventricular beat only in sequence to every second auri- 
cular beat. Such a variation of rhythm I described some years ago in 
the mammalian heart’ as a result of vagus influence and my observations 
have been fully confirmed by subsequent workers. (Bayliss and 
Starling? and others.) 


Again the pulse-rate may—as indicated on the blood-pressure 


1 This Journal, rx. p. 367. 1888. 2 Ibid, xm. p. 413. 1892. 
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tracing—with absolute suddenness be doubled in rate; this may be 
interpreted as indicating a restoration of the normal ventricular sequence 
—in which the ventricles respond to every auricular beat instead of 
each second beat. | 

But when a mercurial manometer is used to record the pulse-rate, 
another possibility has to be considered. If a large or ordinary ventri- 
cular beat were quickly followed by a small (premature) beat the 
mercurial manometer (on account of its great inertia) might write only 


one curve for each pair of beats. Such a paired arrangement of ventri- 


cular beats I have on various occasions observed in the mammalian 
heart (a) by direct inspection of the exposed organ, (ö) in tracings 
obtained from recording apparatus applied to the exposed heart, (c) by 
palpation over the precordial region in the intact thorax, and (d) by 
inspection of exposed pulsating arteries e.g. carotid, when the thorax 
was intact. It is by no means rare in cats under the influence of 
chloroform, though of course other causes than the anesthetic may be 
concerned in producing it. 

But similar modes of observation tend to show that the explanation 
suggested above does not meet all the cases of apparent doubling or 
halving of the pulse-rate. There seems to be instances in which the 
actual rate of the ventricular beat becomes replaced, with absolute 
suddenness, by a rate either half or double as fast as before. 

In some instances however when the tracing (mercurial manometer) 
shows what at first sight seems to be a sudden doubling or halving of 
the existing pulse-rate, the rate of beat is really unchanged, but the 
beats are “paired” in such a way as to give a single large oscillation 
for each pair of beats. At some parts of the tracing an indentation 
upon each of the large curves may indicate the presence of two beats in 
the period occupied by one large curve. The rate in one instance 
changed abruptly from a rate of 36 to what at first sight appeared to 
be one of 18; but the double nature of each oscillation at the slowed 
rate, gradually became evident in the tracing. 

Again when the rate suddenly changes to what at first sight may 
seem to be one-third of the original rate (e.g. from 12 in 10 seconds to 
4 in the same period) the tracing sometimes gives distinct indications 
of there really being three heart-beats represented by one large 
(indented) curve, 

But in many instances when the accelerated pulse-rate of the earlier 
stage of chloroform anesthesia suddenly gives place to the moderate or 
slow rate of the later stage, the change in rhythm is not represented by 
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a reduction of the existing rate to one-half or one third, but i ae 
abrupt alteration from such rates as from 42 to 30. 


It is clear that here a sudden change occurs in the rhythm of the 


heart; not a failure in the propagation of every second auricular 
eotitraction to the ventricle, nor a grouping of the ventricular beats into 
twos or threes, _ 

Similarly when there is a temporary recurrence of the accelerated 
pulse-rate after the moderate or slow rate has been established, under 
the influence of chloroform, for some time, the recurrence of the ac- 
celerated rate of beat may occur quite abruptly—a rate of 23} in 
10 seconds suddenly replacing one of 84, a rate of 9 suddenly giving 
way to one of 14 (Fig. 2). 


Fig. 2. Sudden change in the cardiac rhythm under the influence of chloroform. Pulse- 
rate slowed from 14 in 10 seconds to 9, and then back again to 14. 

Cat respiring naturally. Mean blood-pressure about 150 mm. While the cardiac rhythm 

changed the respiration as shown by a concurrent respiratory tracing (not reproduced) 


showed no change in regularity of rhythm, a scarcely appreciable change in rate | 


(4°83 to 4 in 10 seconds) and a slight change in the form of the curves. 


It is worthy of notice that though as a rule the heart becomes 
slowed as deep anmsthesia is induced by chloroform, this is not in- 


Fig. 8. Acceleration of the pulse-rate while the blood-pressure was being lowered by 


chloroform. More chloroform begun at 12, given by artificial respiration, Thorax 
intact. 
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variably the case; there are occasional instances (though relatively few 
in number) in which the pulse-rate becomes faster when anzsthesia is 
deepened (Fig. 3). I quote the following numbers from three cats 
(with all nerves intact) respiring spontaneously and receiving chloro- 
form by inhalation. 


I. While the heart was beating at 33—34 in 10 seconds, and the respiration was 7 in 
the same period, more chloroform was given. One minute later the heart-beat was 
87, while the respiration was 6. Two minutes after the last period the heart-rate had 
increased to 38—39; respiration 4. Chloroform was given continuously meanwhile. 

II. Giving more chloroform, while lowering the blood-pressure from 163 mm. to 
147 mm., led to a quickening of the pulse-rate from 25 to 36 in 10 secs. 

III. Heart beating at 38 in 10 seconds and respiration at 10; blood-pressure 162 mm. 
Chloroform recommenced. When blood-pressure lowered (by chloroform) to some extent, 
the heart became markedly accelerated—to 46; respiration 34, blood-pressure 146 mm. 


. When chloroform pushed till the respiration showed signs of failing the heart again 
became slower—31. 


Similar acceleration on deepening the anmsthesia was obtained repeatedly in this 
animal later when more chloroform was again administered. 


Such cases form interesting parallels to what sometimes occurs in 
man under the influence of chloroform’. 

In the first stage (or stage of acceleration) the rapid rate of the 
heart-beat may be affected- by various influences. Stimulation of 
afferent nerves may cause slowing or temporary standstill, but this 
result is attained with some difficulty, when the acceleration is at its 
height, and it may be only on tolerably strong stimulation of the 
central end of a cut vagus or uncut cervical sympathetic that such a 
result occurs at all. An asphyxial condition of the blood or a me- 
chanical arrest of the breathing may cause an alteration in the cardiac 
rhythm but not so readily as at a somewhat later stage of chloroform 
administration. And the same is to be said of an excessively high 
blood-pressure in the head as regards its power of stimulating the 
cardio-inhibitory centre in the medulla and so slowing the heart. 

As the acceleration diminishes and gives place to a moderate rate of 
beat the cardiac rhythm may be more readily and strikingly influenced 
by afferent impulses or by alterations in the blood-pressure. Changes 
excited by stimulation of afferent nerves may be either of the nature of 
(a) an acceleration or (b) a slowing of the pulse-rate, Whether ac- 
celeration or slowing occurs varies according to circumstances. 

Thus generally stimulation of visceral afferent nerves, eg. vagus, 


1 Op. Hewitt, Anesthetics and their Administration, p. 220. 1893. 
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abdominal splanchnic &. is more effective in causing marked slowing 
of the heart-beat than similar stimulation of the somatic afferent nerves. 

Again it is clear that powerful excitation of many (somatic) afferent 
nerves, g. sciatic, intercostals, brachial nerves &c, is, ceteris paribus, 
more effective in causing slowing than a weak stimulation of the same 
nerves; powerful stimulation may cause reflex slowing of the heart, 
while weak stimulation of the same nerve may cause a notable accele- 
ration. Further, an excitable condition of the cardio-inhibitory centre 
is essential for the production of cardiac slowing when an afferent nerve 
is excited, and this will depend largely upon the degree in which the 
influence of chloroform is exerted upon the medulla. When the reflex 


excitability of the cardio-inhibitory centre has been reduced by chloro- 


form, then afferent stimulation which formerly gave rise to well-marked 
retardation of the heart-beat, may now give rise to a very pronounced 
acceleration. This difference in the influence exercised upon the pulse- 
rate is well seen in the case of ordinary somatic afferent nerves, eg. 
those of the limbs, the intercostal nerves &c. 

The period during which the effect of afferent nervous impulses 
upon the heart rhythm is best seen, comprises (a) the latter part of the 
first stage, 1.e. when the acceleration is diminishing and the pulse-rate is 
becoming moderate, and (b) the earlier part of the second stage. As 
the second stage progresses, while the heart-beat probably continues to 
be somewhat reduced in rate, a time comes when afferent impulses, 
even very powerful impulses, become unable to cause any noteworthy 
change in the cardiac rhythm. It is to be noted that an accelera- 
tion may appear as a result of afferent stimulation of many nerves — 
when slowing has ceased to be obtainable—in other words reflex 
acceleration from afferent impulses disappears later than reflex slowing. 
This applies to somatic afferent nerves which may, on stimulation at an 
earlier stage of anesthesia, cause either slowing or acceleration, eg. 
brachial nerves, intercostal nerves &.; it does not apply to stimulation 
of the central end of a cut vagus (the other being intact). 


Influence of interference with respiration on the rate of 
the heart during anesthesia. 
The effects of obstructed respiration differ at different stages of the 
anesthesia. During the greater part of the period when the heart is 


beating at a moderate or slow rate, its rhythm may be strikingly altered 
by mechanical interference with the respiratory movements or with the 
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entrance of air into the lungs. In an animal breathing naturally a 
sudden interruption of respiration due to mechanical causes (e. g. closure 
of the intact trachea) may lead to (a) a sudden temporary slowing of the 
pulse-rate soon giving place as a rule to marked acceleration; or es- 
pecially when the anesthesia is somewhat deeper—(b) may cause 
acceleration without any preliminary slowing, and this latter result 
associated with convulsive movement of the body and limbs is what 
is most commonly seen when the anesthesia is pretty deep—though 
not so deep as to obviate the occurrence of convulsive movement 
altogether. 

Similar results as regards the rhythm of the heart may follow 
respiratory disturbances caused by the administration of too con- 
centrated a mixture of chloroform with air in the earlier stages of 
anesthesia, when the breath may be held for a time and then a 
number of rapid breaths drawn—a condition to which the Hyderabad 
Commission rightly attached much importance. The temporary in- 
hibition of the respiratory centre, followed by a period of increased 
activity, is probably produced in a reflex manner through afferent 
impulses arising in the respiratory tract and excited there by the 
irritating influence of the chloroform vapour insufficiently diluted with 
air. And the respiratory changes are associated with periods of slowed 
and quickened pulse-rate. 

During more profound anesthesia when obstruction of the respira- 
tion causes no asphyxial movement (stretching, &c.) there is, as a 
rule, no acceleration of the heart; only a slowing which leads up to 
irregularity and final failure of the cardiac action. This slowing is not 
necessarily dependent on the rise of blood-pressure (asphyxial) which 
may occur when the respiration is arrested; slowing may be seen even 
when the pressure has fallen after a primary rise, or when it has not 
risen at all, It is due to the asphyxial condition of the blood acting on 
the vagus centre and on the heart itself. 

The acceleration of the cardiac rhythm frequently induced by 
obstruction of the respiration during chloroform anæsthesia seems to be 
most closely associated with the stimulation of the respiratory centre 
and the diffuse motor excitation (stretching, convulsive movement, &c.) 
caused in the first instance (a) by the afferent impulses aroused by the 
forcible (mechanical) interference with the normal respiratory move- 
ments, and later (b) by defective aeration of the blood. This association 
is so close that—as a rule, if not invariably—when-signs of motor 
excitement are wanting, cardiac acceleration is also wanting; instead of 
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being quickened the heart-beat is slowed, or it may for a time show no 
obvious change in rate, and be slowed later. 

Cardiac acceleration is not however a necessary accompaniment of 
the motor excitation. The latter may be accompanied by cardiac 
slowing—especially marked in the — phases of the influence of 
chloroform. 

Again, in very deep anesthesia sien convulsive movement does 
not begin shortly after the respiratory arrest but is late in developing 
and relatively slight, there may be no associated acceleration at all, but 
on the contrary, the heart may be slowed—a result depending partly on 
the rise of blood-pressure (which may accompany the slight convulsive 
movement), and partly on the defective aeration of the blood. The 
accelerating influence of motor excitation is here overborne by the 
slowing influence of (a) venous blood, and (b) raised blood-pressure—in 
cases where a rise of blood-pressure occurs. 

The cardiac acceleration induced by obstruction of the respiration is 
usually associated with a very marked elevation of blood-pressure—a — 
condition which, in itself tends to slow the heart by stimulating the 
vagus centre in the medulla. This slowing influence is opposed and 
overborne by the accelerating influence depending on the stimulation 
of the respiratory centre and the diffuse motor excitation caused by 
interference with the respiration. 

In cases where the heart is already eating very rapidly there may 
be no sign of acceleration when the respiration is arrested, though 
other conditions (degree of anzsthesia, &c.) may be favourable for the 
manifestation of a well-marked acceleration. 

In the final phase of chloroform inhalation, when the respiration is 
arrested, the cessation is not usually (if ever) associated with any 
noteworthy acceleration of the pulse, unless asphyxial contractions occur 
in the skeletal muscles, in which case there may be a phase of decided 
acceleration. The heart as a rule, weakened and considerably dilated 
in all its parts, becomes at once, or after an interval, slower than before. 
The declension in rate is relatively slight—compared to the diminution 
in the efficiency of the beat“. 

For example, when the heart was beating at 15 in 10 seconds, 
arrest of respiration by chloroform slowed the pulse rate to 11; the 
beat quickened to 14 when a slight asphyxial convulsion occurred. 
These changes were not dependent on changes in the blood-pressure. 


1 This Journal, xm. p. 859. 1892, British Medical Journal, 1. pp. 881, 890, 948. 
1890. 
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The slowed rate of 11 was seen while the blood-pressure was falling 
(which per se would have an accelerating effect); the quickening to 14 
took place during a slight and slow rise. 


When the breathing has been arrested by chloroform inhalation, 


artificial respiration frequently leads to a very marked acceleration of 
the slow pulse-rate which is present at this time—in one instance there 
was a sudden rise from a rate of 25 in 10 seconds to 38 or 39. Such 
results recall the effects described by Hering on forcible inflation of 
the lungs with air’. 

When the spontaneous respirations recommence and are violent and 
spasmodic in character the pulse-rate unless already very quick suddenly 
leaps up to a very high ‘figure, e.g. from the rate of 19 in 10 seconds to 
42, from 14 to 37, &e. (Fig. 4). 


Fig. 4. Sudden change in pulse-rate during recovery from respiratory arrest induced by 
an overdose of chloroform, given by inhalation. The upper is a blood-pressure 
tracing, the lower shows the respiration. When the respiration had been practically 
paralysed by chloroform, artificial respiration was done for some seeonds, first by 
compressing the chest and then by blowing into the lungs from bellows. Spontaneous — 
respiratory movements, extensive and violent in character soon — and then the 
pulse- rate underwent a sudden and striking acceleration. 


Such an accelerated rate of beat resembles what may be seen in the 
early stage of asphyxia caused by mechanical arrest of the respiration 
(e.g. by closing the trachea) during moderate anzsthesia, or in the early 
(struggling) stage of chloroform inhalation. 

The possibility of some influence being exercised “ep sodium car- 
bonate solution entering the circulation during the extensive fall of 
blood-pressure which has occurred has to be kept in mind. But 
observations made in the other recognised ways of observing the heart- 


1 Sitzungsb. d. k. Akad. d. Wiss. zu Wien, uxtv. 1. Abth. 1871. 
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beat and pulse-rate show that the passage of sodium carbonate into the 
blood is not the cause of the sudden and striking change. 

The sudden acceleration does not depend on the employment of 
artificial respiration, though it is often seen occurring in cases where 


‘artificial respiration has been used. It is strikingly manifested in 


instances where spontaneous recovery of the breathing took place, the 
acceleration always coming at the phase of recovery when the spon- 
taneous respiratory movements are exaggerated and spasmodic in 
character’. 

The usual absence of any sudden or extensive change in the pulse- 
rate when the breathing ceases from an excessive dose of chloroform, or 
when the entrance of air is mechanically obstructed during very 
profound anzsthesia—too deep for the excitation of motor disturbance 
—is in marked contrast to what happens (1) when the breathing is 
mechanically obstructed during the earlier phases of anmsthesia, or 
(2) when the breathing is temporarily stopped (in reflex fashion) by the 
irritation of strong chloroform vapour. In both the latter cases the 
change in the pulse-rate is very notable—acceleration alone or accele- 
ration preceded by a phase of slowing; in both these cases the 
respiratory centre is not poisoned by chloroform, but simply influenced 
reflexly by afferent impulses or obstructed in the successful execution 
of its functions by mechanical causes. On the other hand when the 
breathing ceases from a toxic dose of chloroform or is mechanically 
arrested during very profound anmsthesia the respiratory centre is 
poisoned by chloroform, and the neighbouring vagus centre (though 
not paralysed) is relatively insensitive to afferent impulses, asphyxial 
blood, &c. 

It is to this altered condition of the medullary centres that the 
absence of any striking change in the cardiac rhythm on stoppage of 
the respiration is to be ascribed. 


Influence of changes in the blood-pressure. 

Changes in the blood-pressure in the head are most effective in 
causing rapid and extensive alterations in the cardiac rhythm during 
the same period of chloroform adminstration as that in which changes 
are most readily produced by afferent impulses—the period which 
comprises the latter part of the first stage and the earlier part of the 


1 Cp. Hill and Barnard on the effect of expiratory spasms in determining escape of 
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second stage. During this period a considerable fall of blood-pressure 
induced by mechanical means, eg. closing the vena porta, leads, in 
the absence of other disturbing causes, to marked acceleration; and 
conversely, a pronounced rise of blood-pressure causes the well-known 
slowing which has been described by Bernstein, Marey, Asp and 
others, 

Later in the progress of deep anmsthesia, ie. in the latter part of the 
second stage alterations in the blood-pressure in the head have much 
less influence in affecting the cardiac beat. 


During deep anesthesia the heart usually goes on beating at a rate 


about or below the normal rate in spite of the extensive fall of pressure 
induced by the chloroform—such a fall as would, if induced by me- 
chanical means apart from the influence of chloroform or in an earlier 
stage of anesthesia, lead to very marked acceleration in accordance 
with the well-known rule that a fall of blood-pressure (apart from 
other disturbing conditions) is associated, as long as the vagi are intact 
and normally active, with a quickened heart action. Hence it is obvious 


that in chloroform anzsthesia, when a lowered blood-pressure is asso- 


ciated with a moderate or slow pulse-rate, we have to reckon upon the 
presence of some complicating influence affecting the cardiac rhythm 
either by a central action upon the nervous system or by a peripheral 
action upon the heart itself; or, it may be a combination of central and 
peripheral effects. 


2. EXPERIMENTS IN WHICH THE CARDIAC AUGMENTOR 
NERVES WERE DIVIDED. 


On theoretical grounds the augmentor nerves might be conceived 
to play an important part in the alterations of pulse-rate induced by 
chloroform. It has to be considered whether the accleration of the first 
stage is not due, or largely due, to their influence. Again, the cardiac 
slowing seen in the second stage might possibly be ascribed, in part at 
least, to a change in the activity of the same nerves, Certain observers 
have concluded that these nerves usually have a tonic activity, which 
keeps the heart beating at a higher rate than would be seen in the 
absence of their influence. If this view be correct then it is plain that 
a paralysis or depression of their intense would lead to a slowing of 
the pulse-rate. | 

Very constant results have been obtained after possible augmentor 
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effects have been excluded by section of these nerves. In order to 
divide the nerves resection of the first and second ribs was performed 
on each side—artifical respiration being carried on; the ganglion stel- 
latum, the lowest cervical ganglion and the Annulus of Vieussens 
were completely removed on both sides, the connections with the vagi 
being followed up for a considerable distance and divided. The 
sympathetic chain was cut through about 2 cm. below the ganglion 
stellatum. The vagi were left intact and reflex inhibition could be 
brought about in characteristic fashion by stimulation of certain afferent 
nerves, by increased blood-pressure, asphyxial blood, &c. 

In the operation of dividing the augmentor nerves care was taken 
not to injure or ligature any of the important blood vessels. 

When the influence of the cardiac augmentor nerves has been 
excluded in this way, artifical respiration being maintained, there is no 
essential change seen in the action of chloroform on the heart rhythm. 
The stage of acceleration and that of a moderate or slow pulse-rate are 
still apparent; the former during the lighter phases of anwsthesia and 
the latter during deeper chloroformisation. The slowing effect of the 
administration of more chloroform is quite evident in the tracings 
(Fig. 5). 


Fig. 5. Slowing of the heart by chloroform after section of the cardiac augmuntor nerves, 
the vagi being still intact. More chloroform was given at 2, the recording surface 
being stopped for one minute. The mean blood-pressure was lowered from about 
122 mm. to 98 mm. while the heart was slowed from 19 in 10 seconds to 16. There 
was a further administration of chloroform at 8 and a pause of one minute. The 

_ blood-pressure fell to 89 mm. and the pulse-rate to 14 in 10 seconds. 


It is plain that in the intact animal the cardiac augmentor nerves 
have little or nothing to do with the characteristic changes in pulse- 
rate induced by chloroform. The prominent features in the behaviour 
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of the cardiac rhythm are evidently dependent, mainly or solely, on 
influences acting through channels other than the augmentor nerves. 

_ It is true that after section of the augmentor nerves the acceleration 
of the pulse-rate induced by certain influences under chloroform 
(e.g. afferent impulses, &.) tends to remain at proportionately a lower 
level than when all the cardiac nerves are intact. But this subject will 
be discussed in a future paper. | 

Effects of interference with respiration. 

The results of interrupting the (artificial) respiration are essentially 
similar, after section of the augmentor nerves, to those occurring when 
all the cardiac nerves are intact—after the thorax has been opened. 
Acceleration of the heart may occur, preceded by a phase of slowing, 
when the anzsthesia is not so deep as to obviate the occurrence of 
convulsive movement as one of the consequences of the respiratory 
arrest; this acceleration at length gives place to slowing and failure of 
the heart’s action, When the anesthesia is so profound that the stoppage 
of respiration and the consequent (asphyxial) condition of the blood 
causes no diffuse motor excitation, then no acceleration is seen ; slowing 
begins immediately or after a little time, and leads up to the final 
phase of irregularity and failure of the beat. 

The conditions—with open thorax and artificial respiration—are 
_ markedly different from those that obtained when the natural respira- 
tory movements are forcibly interrupted (by closure of the trachea, &c.), 
when, unless the anzsthesia is too deep, excitement of the respiratory 
centre and muscular effort are speedily aroused—accompanied a3 a 
rule by notable acceleration of the heart, as has already been described. 
On the other hand when the thorax has been opened, the discontinuance 
of artificial respiration—the lungs being allowed to collapse—causes no 
immediate excitation of muscular effort or associated cardiac accelera- 
tion; there is slowing of the heart instead. Convulsive movement 
which may be attended by a quickened heart-beat—comes much later, 
caused by the defective aeration of the blood; the quickened beat 
gives place in turn to the final phase of slowing and irregularity. 
In cases where very profound anesthesia was present when the 
respiration was interrupted, there may be no convulsive movement 
at any stage and no acceleration of the pulse-rate; or the convulsive 
movement may be very slight and very late in development, and 
attended by little or no acceleration—the tendency to acceleration 
being probably overborne by the venous condition of the blood. 

PH. xxv. 19 
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The augmentor nerves evidently play no eee part in the 
sequence of events. 

Effects of changes of blood-pressure. As with intact cardiac nerves, 
a fall of blood-pressure in the head induced by mechanical causes 
(compression of vena porta, &c.) or by section of the splanchnics, &c. 
induces a marked acceleration of the cardiac rhythm. And a raised 
carotid pressure is attended, as before, by a marked slowing of the 
cardiac rate. During very profound chloroform anesthesia the pulse- 


rate becomes much less sensitive to changes in the blood-pressure. In 
short the effects of blood-pressure changes upon the rate of the heart's 


beat are essentially similar before and after the cardiac —— 
nerves have been cut. | 


3. EXPERIMENTS IN WHICH THE VAGI WERE DIVIDED. 


The results obtained in this condition were such as to confirm the 
conclusion arrived at from the preceding class of experiments. For in 
the cat after section of the vagi chloroform affects the pulse-rate in 
much the same fashion as when all the cardiac nerves have been 
divided ; the presence or absence of intact augmentor nerves does not 


make any obvious difference in the essential features of pulse change 
induced by chloroform. 


The same holds good with regard to the effects of interrupting the 


respiration and with regard to the effects of artificially-induced changes 
of blood-pressure. No acceleration is caused when the respiration is 
obstructed after section of the vagi. For instance, when the heart was 
beating at the rate of 42 in 10 seconds the (spontaneous) respiration 
was interrupted for a considerable period with entirely negative results. 
Five seconds after the breathing was obstructed the heart rate was 42; 
twenty-four seconds later it was still 42. 


4. EXPERIMENTS IN WHICH ALL THE CARDIAC NERVES 
WERE DIVIDED. 


When the vagi or all the cardiac nerves have been cut the heart 
beats very rapidly. The pulse-rate in the cat rises from @ normal rate 
of 120—130 to rates varying in my experiments from 216 to about 270 


according to the animal’s temperature at the time, the depth of 


anesthesia, and other circumstances, 
In this condition the further administration of chloroform causes no 


acceleration, but on the other hand brings about a very distinct and 


constant reduction in rate, relatively slight in amount when compared 
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with that which occurs when the vagi are intact. The pulse-rate, after 
section of all the cardiac nerves, though reduced by chloroform, still 
remains far above the normal or original pulse-rate of the animal, 
é.g. in an animal with a normal pulse-rate of 100 the rate during 
profound anesthesia may be 200 per minute, having fallen during the 
deepening of the anesthesia from 240, &c. 

Interference with the respiration is now unable to cause accele- 
ration; after some time it leads to a slowing of the heart-beat. : 

Rise and fall of blood-pressure have lost their normal influence in 
causing slowing and acceleration of the heart respectively. Changes in 


blood-pressure have no effect unless they are extreme in degree; within 


wide limits (e.g. between 40 and 160 mm.) the pressure may rise or fall 
without making the pulse-rate vary in the least. 


5. CAUSATION OF CHANGES IN PULSE-RATE. 


a. Slowing of the pulse-rate induced by chloroform 
after section of all the cardiac nerves. 


The marked reduction in the pulse-rate induced in these circum- 
stances is evidently due to some cause or causes acting, directly or 
indirectly, on the heart itself, and not through the regulating extra- 
cardiac nerves. 

It is clear that the slowed pulse-rate does not depend on depressed 
respiration, for it occurs when the natural respiration is going on quite 
satisfactorily (as shown by tracings, &c.) ; also when artificial respiration 
is being efficiently carried on. 

With regard to the possible influence of an altered blood-pressure, 
we know that the induction of profound anesthesia by chloroform is 
accompanied by a very marked lowering of the blood-pressure, and we 
know that in certain circumstances an excessively low blood-pressure is 


associated with a pronounced slowing of the heart rhythm. 


The evidence, however, yielded by my experiments shows clearly 
that the cardiac slowing is not dependent on the lowering of blood- 
pressure which usually accompanies it. | 
The grounds on which this conclusion is based are these :— 

1. The cardiac slowing may begin early when the blood-pressure 
has only fallen very slightly. There is no reason to suppose that so 
slight an alteration of pressure would decidedly affect the rhythm. 
Indeed there is abundant evidence showing that such a change in the 
blood-pressure would not affect the rate of the heart at all. 


19—2 
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2. It is clear that if the slowing effect of chloroform is dependent 
on the fall of blood - pressure induced by the drug, then a similar fall of 
blood-pressure brought about by mechanical causes ought to lead to a 
similar slowing. Such is not the case. A lowering of blood - pressure 
similar in amount and duration to that induced by chloroform, has, 
when brought about by mechanical causes, no effect upon the pulse- 
rate; and even a fall much greater than the chlo.oform fall is similarly 
negative in its results. I have frequently caused such a lowering of 
pressure by compressing the portal vein, and have never seen any 
slowing of the pulse like that which usually attends a similar or 
even slighter fall of pressure caused by chloroform: In many ex- 
periments falls of blood-pressure, approximately similar in extent 
and duration, were alternately brought about (a) by chloroform, and 
(b) by mechanical causes, and in all cases the results were constant. 

As an example—after section of all the cardiac nerves more chloro- 
form was given reducing the pressure from 121 mm. to 61 mm. and the 
heart from 32 to 25. Later when (no more chloroform being given) 
the pressure had recovered and risen to 136, the heart beat at 30. 
The pressure was then lowered to 58 mm. by compressing the vena 
cava inferior; the heart rate remained unchanged at 30. Later, after 
the vena cava had been released the blood-pressure stood at 125 mm. 
while the heart beat at 30. Chloroform was then given, lowering the 
blood-pressure (in about 30 seconds) to 98 mm.; the heart rate was 28. 
About 20 seconds later (chloroform being still given) the blood-pressure 
was 72 mm. while the heart had slowed down to 25. 

(3) Finally, if the cardiac slowing induced by chloroform were 
dependent on the associated fall of blood-pressure then the slowing 
ought to disappear when the fall of pressure is counteracted by 
mechanical means, e.g. compression of descending thoracic aorta. The 
slowing is not so removed. In the case for instance of the chloroform 
experiment just mentioned above when the blood-pressure had been 
lowered to 72 mm. by chloroform and the heart slowed to 25, the aorta 
was compressed with the result of raising the carotid blood-pressure to 
114 mm.; but the heart continued to beat at the (slowed) rate of 25. 
When the aorta was released the blood-pressure fell rapidly to 66 mm. ; 
the heart rate remained at 25. Later, under the influence of chloro- 
form the blood-pressure was 68 and the cardiac rate 25. Compression 
of the aorta elevated the blood-pressure to 168—172 mm. without 
increasing the rate of the heart. The blood-pressure was kept up 
(though not absolutely to this level) for about 30 seconds; the aorta 
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being then released, the blood-pressure fell to 38 mm., while the heart 


beat at 25. 


Clearly the cardiac slowing which chloroform causes is not de- 
‘pendent on an influence exercised through the usually-associated 
lowering of blood-pressure, but is due to a more direct action of the 
anesthetic upon the heart itself. 

Next arises the question as to whether chloroform slows the rate of 
the beat (a) by stimulating the local inhibitory structures in the organ, 
or (b) by depressing the activity of the rhythmic mechanism itself. 
This can readily be determined by again administering chloroform 
after excluding, by means of atropin, the possible influence of intra- 
cardiac inhibitory nerves. In pursuance of this plan of experiment 
I injected a dose of atropin fully sufficient to remove inhibitory 
influence ; the efficacy of the dose was verified by the negative results 
obtained from (a) strong stimulation of the vagi in the neck, and (5) in 
some experiments when the thorax had been opened strong stimulation 
of the local inhibitory area in the heart itself. This inhibitory area, as 
I described some years ago’, is located on the dorsal aspect of the 
auricles, over the inter-auricular septum. 

Excitation of this region readily causes inhibition of the ventricles, 
and this result often occurs with a weaker stimulating current than is 
necessary for the vagus in the neck, and also in some conditions when 
stimulation of the vagus in the neck is quite ineffective, e.g. after 
curare, &c. Atropin removes the inhibitory effects of stimulation of 
this area; hence I have applied stimulation in this region to test 
whether the action of atropin—as regards the exclusion of inhibitory 
nerve-influence—is complete. 

When it was found that the atropin had taken full effect, more 
chloroform was given, in the usual way, with the result that decided 
cardiac slowing was still induced; thus showing that the drug acts in 
a depressant fashion upon the intra-cardiac rhythmic mechanism itself. 
For example when heart was beating 40—41 in 10 seconds the blood- 
pressure being 108 mm., the administration of more chloroform (by 
inhalation in the usual way) slowed the heart to 36—37, while the 
blood-pressure was reduced to 60mm. A few minutes later when 
the blood-pressure had risen to 90 mm. and the heart rate to 40 in 
10 seconds a fall of blood-pressure was induced by mechanical means 
(compression of inferior vena cava below the diaphragm) in order to 
test whether the fall of blood-pressure induced by chloroform in the 

1 Proc. Roy. Soc. XIxv. p. 211, 1888; and this Journal, rx. p. 380. 1888. 
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former experiment had in itself a slowing effect upon the pulse-rate. 
The pressure was lowered from 90 mm. to 55 mm., but the rate of 
the heart remained unchanged. Later, when the pressure was at 
86 mm. and the heart at 40, the pressure was brought down (by 
compression of the inferior vena cava) as low as 38 mm. without any 
alteration in the cardiac rhythm. (For comparative effects of chloro- 
form and compression of inferior vena cava see Figs. 6 and 7). 


(0) Slowing of the pulse-rate in the second stage of the action 

of chloroform in the intact animal. 

It is clear from the foregoing experiments that the reduction i in 
pulse-rate which occurs in the second stage of chloroform anzsthesia (in 
the intact animal) is dependent on two causes. 

(1) An increased controlling influence exercised. by the medullary 
cardio-inhibitory centre upon the cardiac rhythm, and 

(2) A slowing or retarding influence of the anesthetic acting 
directly on the heart itself and depressing the e of its rhythmic 
mechanism, 

The vagus centre in the medulla is sometimes described as being 
paralysed during deep chloroform anesthesia, but this is quite incorrect. 
It is true indeed that when an animal is profoundly anzsthetised it 
may be impossible to excite the vagus centre and so inhibit the heart 
reflexly by stimulation of afferent nerves, e. g., 5th or sup. laryngeal, which 
in other circumstances would have this effect. But this simply concerns 


the reflex excitability of the centre and not its tonic activity. The 


latter continues, and its controlling influence over the heart is still 
present—as is demonstrated by the fact that marked acceleration 
occurs when the vagi are cut. The exercise of this controlling influence 
indeed plays the greater part in the slowing down of the cardiac rhythm 
from the rapid rate of the first stage to the moderate or slow pulse-rate 
of the second stage. 

This acceleration caused by section of the vagi though very evident 
and pronounced is not so extensive during profound anesthesia as 
during a lighter anesthesia and this obviously depends on the depres- 
sant influence already described as acting directly on the heart itself; 
thus after the vagi have been divided the rate of the heart-beat varies 
within certain limits with the depth of the anesthesia if other disturbing 
conditions are excluded. But even during deep anzsthesia, the heart 
when beating at a moderately slow rate (¢g. 15 or 18) is commonly 
accelerated in a very striking degree (eg. doubled in rate) when the 
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Fig. — Slowing effect of chloroform after vagi and augmentors cut, 


and atropin given. 


rate before more chloroform was given is seen in the piece of tracing to the right 
of 19. Chloroform was then given, the recording surface being stopped for 2 minutes. 
Between 19 and 20 the slower rate induced by chloroform is seen. 


Fig. 7. No slowing caused by an extensive fall of blood-pressure induced by compression 
of vena cava inferior. To the right of 16 a short piece of tracing was taken while the 
animal was deeply under chloroform. An interval was then allowed to permit the 


blood-pressure to recover and the anmsthesia to become less deep. 


The rate of beat 


is seen between 16 and 17, Just before 17 there is another interval during which the 


pressure was lowered by compression of the vena cava. While the blood 
, i e irregularities in the level. 
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vagi are cut—showing that while the nerves were intact the vagus 
centre—so far from being paralysed—had been exercising a most 
important tonic control over the cardiac rhythm. 


(c) Cardiac acceleration of the first stage of the action of 
. chloroform in the intact animal. 


The acceleration is essentially dependent on a diminished activity 
of the cardio-inhibitory centre in the medulla. 

According to my experience (derived from a very large number of 
experiments extending over several years), the acceleration caused by 
chloroform in the cat never exceeds the rate induced by, freezing or 
cutting the vagi in the same animal—if the normal temperature, &c. 
are maintained. This shows that a diminution or removal of vagus 
control is sufficient to account for this change in rate caused by 
chloroform. For example, when the quickened pulse-rate induced by 
chloroform inhalation rose as high (in the first stage) as 42 or 43, and 
later fell to the usual moderate rate of 15—20, &. it was found that 
removal of vagus control by freezing or cutting the vagi, caused an 
acceleration quite as great as or rather greater (eg. 44 or 45) than had 
resulted from the influence of chloroform. 

The quick pulse-rate induced by chloroform is not to be accounted 


for by an assumed excitation of the cardiac augmentor nerves, for 


acceleration is still marked after the possible influence of those nerves 
has been excluded by section. 

Again, there is no ground for believing that any direct effect 
induced in the heart itself by chloroform in the early stages of its 
action could cause the acceleration in question, or contribute in any 
appreciable degree to the production of such acceleration. The direct 
influence of chloroform, as shown on the administration of a further 
dose of the anesthetic to an animal already under its influence, is all in 
the opposite direction ; it leads to a decided slowing of the beat—after 
the vagi and augmentors have been cut. 

But it may be asked whether, in the earliest phases of chloroform 
administration, the primary effect of chloroform may be an acceleration 
dependent on a direct influence exercised on the organ. This I have 


tested in several cases! where the heart was freed from any connection 


with the central nervous system through the extra-cardiac nerves and 


1 In some experiments the arteries going to the head were ligatured and decapitation 
was performed ; artificial kept up by 
continuous pressure on the abdomen. 
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where, after death or removal of the brain, chloroform was discon- 
tinued for long periods (e.g. 1—2 hours or more). In such cases 
(artificial respiration being of course kept up) a fresh administration 
meant the advent of the drug to a heart practically free from its 
influence, and a reproduction of a very early phase of chloroform 


influence in which condition any stimulating influence ought to become 


manifest. The results were in all cases negative ; the giving of chloro- 
form, even in its earliest phases, caused no acceleration. 


Nor is the high blood-pressure present during the stage of accelera- 


tion capable of markedly diminishing the peripheral efficiency of the 
vagi and so producing the acceleration seen. For even a great 
elevation of blood-pressure—at least for such short periods of time as 


Fig. 8. Influence of a sudden rise of blood-pressure on the peripheral efficiency of the 
vagus. The vagi and augmentor nerves were out, the thorax being opened. The 
heart was then slowed by weak stimulation of the peripheral end of one vagus in the 
neck. While the vagus was being stimulated the blood-pressure was raised by 
compression of the descending thoracic aorta. The slowing power of the vagus was 
obviously not diminished by the rise of pressure. 


are here in question—does not appreciably impair the peripheral 
efficiency of the vagi’. (Fig. 8.) 


1 The relation of changes in blood-pressure to the peripheral efficiency of the vagi will 
be more fully dealt with in another paper. 
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On the other hand there are evidences of marked excitement under 
the influence of chloroform in centres (eg. the respiratory centre) closely 
associated with the vagus centre; and in ordinary circumstances changes 
in the respiratory centre are commonly related to changes in the vagus 
centre. Hence one would naturally seek for an explanation of the 
changed pulse-rate in an altered condition of the cardiac regulating 


centres in the medulla. Now it has been seen that the cardiac 


augmentor nerves may be virtually set aside as not being the essential 
cause of the quickened heart-beat. There remains only the vagus 
centre, And the whole of the available evidence coincides in assigning, 

as the paramount cause of the cardiac acceleration, a condition of 
diminished activity in the vagus centre. This is not necessarily 
associated with any special change in the blood-pressure; the blood- 
pressure may be rising or falling at the time or may continue to stand 
at a practically unchanged level. 

The occurrence of alternate phases of cardiac slowing and accelera- 
tion is dependent on the occurrence of alternate phases of increased 
and diminished activity in the vagus centre—a phenomenon very 
commonly manifested in the action of tonically-acting centres. 

The phases may follow one another in rapid alternation, obviously 
independent of blood-pressure change. Ata certain period of chloro- 
form administration the vagus centre seems to be extremely mobile and 
very sensitive to afferent impulses; the cardiac rhythm may change 
suddenly and strikingly when the concentration of the chloroform 


Fig. 9. Sudden change in pulse-rate when the strength of chloroform vapour being 
inhaled was suddenly increased. Spontaneous respiration. Time in half-seconds. 
Chloroform increased at (2), removed at (8). : 
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vapour being given is increased (Fig. 9), and this without any disturb- 
ance of respiration—as shown by the absence of any change in the 
respiratory tracing made at the same time alongside of the blood- 
pressure tracing. Very feeble stimulation of certain nerves may be 
followed by similar variations in the heart’s rhythm, though otherwise 
causing no recognisable disturbance in the animal at all. And at times 
such periods of changed pulse-rate may develop without any cause 
being evident (Fig. 10), 


Fig. 10. Sudden alteration of cardiac rhythm under chloroform. Natural respiration. 
A simultaneous respiratory tracing (not shown) demonstrates that the breathing 
remained unchanged when the sudden alterations in pulse-rate took place. 


The period in which this remarkable sensitiveness and mobility of 
the cardiac rhythm may be manifested comes when the first stage is 
giving way or has recently given way to the second stage. It is a 
period of relatively light anesthesia, when the moderate cardiac 
rhythm has not yet become firmly established, and when it is prone 
to give way on very slight occasion to a temporary recurrence of a more 
rapid rate of beat. | | 

As more chloroform is absorbed the vagus centre seems to get into 
a much more stable condition, and the rhythm becomes steadied and 
capable of being disturbed only by relatively powerful influences; when 
once disturbed (eg. by extensive changes of blood-pressure, certain 
afferent impulses, &c.) it requires some time for (gradual) recovery. 

It is plain that such sudden and extensive changes in pulse-rate as 
those referred to could not be accounted for by any assumed alteration 
in the influence of the cardiac augmentor nerves. For it is a matter of 
familiar knowledge that the changes of rhythm induced by excitation 
of those nerves, or by cessation of an existing excitation, are gradual 
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changes the progressive development of which requires a comparatively 
long time. 

In the period of chloroform anesthesia when the vagus centre is in 
a peculiarly mobile and unstable condition it not infrequently happens 
that tolerably firm pressure—applied with the hand or by means of a 
weight—over the animal’s abdomen entirely fails to cause the usual 
rise of blood-pressure. Indeed the mean blood-pressure may not be 
appreciably raised at all by such an amount of abdominal compression 
as would in ordinary circumstances promply induce a striking elevation 
of pressure (Fig. 11). When more chloroform is given and a deeper 
anesthesia induced the vagus centre becomes much less sensitive and 


Fig. 11. Effect of pressure on abdomen in causing slowing and irregularity of cardiac 
rhythm with no rise in the mean blood-pressures. Spontaneous respiration. Time- 
marker shows half-seconds. 


mobile—as tested by the effects of weak excitation, afferent nerves, 
&c.— and then it is found that pressure applied to the abdomen causes 
a characteristic elevation. No doubt various possible changes other 
than those affecting the vagus centre come into question in the inter- 
pretation of the negative result of abdominal compression in the con- 
dition above referred to, but the association of the condition with a 
remarkably mobile state of the vagus centre is evidently a very close one. 

Slowing of the heart-beat is usually evidenced in those cases, and 
there is probably | a weakening of the beat as well, at least in the 
auricles. 

When abdominal compression has failed to raise the arterial 
pressure with evidence of slowing, &c., section of the vagi has 
always obviated this failure. 

At the same time it must be noted that other instances were ob- 
served where pressure on the abdomen failed to raise the carotid blood- 
pressure in the usual fashion, and where there was no evidence to prove 
that vagus influence was instrumental in producing the negative results. 
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Another indication of the sensitiveness of the vagus centre at the 
stage of antesthesia above referred to is sometimes apparent in the 
marked exaggeration of the respiratory curves in the bloodepressure 
tracing, depending in large measure at least on the controlling influ- 
ence of the vagus centre being increased to an unusual extent in the 
phase of expiration—a decided dip of the blood-pressure being caused 
by each expiration. This may suddenly disappear when the condition 
of the vagus centre alters under the influence of chloroform—to reappear 
suddenly, it may be, a short time afterwards. Such characters are at 
times to be observed in the behaviour of the cardiac rhythm, when 
there are no signs of respiratory impediment or embarrassment. 

It is to be noted that the acceleration of the pulse-rate caused by 
chloroform is very well marked in such animals as the cat, hare, &c. 
where the tonic control exercised over the heart by the vagus centre is a 
very pronounced one; the acceleration is slight in such animals as the 
rabbit where the tonic vagus control is slight. 

It has been mentioned that in some animals an accelerated pulse- 
rate continues to be present even during profound anesthesia, having 
failed to give place in the usual fashion to the moderate rate usually 
seen during the more advanced period of chloroform administration. 
Any slowing induced by the further administration of the anesthetic is 
comparatively slight in amount, and appears to be due to the direct 
influence of chloroform on the heart itself. There appears to be in 
these cases a continued suspension or marked diminution of the activity 
of the vagus centre, and to this is to be ascribed the abnormally high 
pulse-rate which is seen. Such a condition may at times depend on 
impeded respiration (copious secretion in air-passages, pressure on some 
part of the respiratory mechanism), but such an W does not by 
any means apply in all cases. 

Again, there are exceptional instances in which (after section of the 
vagi and augmentors) the direct slowing influence of chloroform upon 
the heart itself is very slight, so that the anesthetic may be given in 
very considerable amount, inducing deep anesthesia and causing a very 
marked fall of blood-pressure, with very little sign of any direct 
influence upon the heart in the way of slowing its beat. 


| (d) Changes in pulse-rate induced by alterations in the blood-pressure 


during chloroform anesthesia. 


Here I do not refer to changes in blood-pressure caused by 
chloroform itself, but such changes as may occur from other causes 
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during chloroform anesthesia, eg. hemorrhage, pressure on blood 
vessels, section or stimulation of vaso-motor nerves, &c. 

The slowed cardiac rhythm resulting from a rise of blood-pressure 
in the head (induced by mechanical causes) depends on an increased 
activity of the vagus centre. It is not obviated by section of the cardiac 
augmentor nerves, but disap pears when the vagi are cut—whether the 
cardiac augmentor nerves are intact or cut. 

The quickened pulse-rate induced by a fall of the blood-pressure i is 
essentially due to a diminution of the tone of the vagus centre. 
Cardiac acceleration readily occurs when a fall of blood-pressure is 
induced by temporary closure of the vena porta, section of the 
splanchnic nerves, &c. even after the cardiac augmentor nerves have 
been cut, but not when the vagi have been cut. The change is 
evidently due to a diminished vagus control over the heart, and as 
there is evidence to show that the diminution is not a peripheral one 
(depending on changes in the heart itself), it can only be attributed to 
a lessened activity of the vagus centre in the medulla. 

In the more advanced stages of antesthesia the vagus centre becomes 
much less sensitive to blood-pressure changes—either in the way of 
leading to cardiae slowing or cardiac acceleration. 


(e) Changes % ti rate induced by interruption of the respiration 
during chloroform ancesthesia. 


The acceleration of the pulse-rate frequently induced by interruption 
of the respiration is essentially dependent on a diminution in the tone 
of the cardio-inhibitory centre in the medulla. It occurs, after the 
influence of the cardiac augmentor nerves has been excluded by 
section, while the vagi remain intact. On the other hand the 
acceleration does not occur when the vagi have been cut—whether 
the augmentor nerves are intact or not. Hence the acceleration is 
evidently due to a lessening or suspension of the normal controlling 
influence exercised by the vagi upon cardiac thythm. In accordance 
with this I find that when the acceleration is well-developed (in an 
animal with intact nerves), section of the vagi, when the acceleration 
is at its height, causes little or no further quickening of the heart- 
beat, showing that the normal vagus control is already largely or 
completely in abeyance. Such a lessening or suspension of vagus 
control might depend upon (a) a diminished activity of the vagus 
(cardio-inhibitory) centre in the medulla, or (b) a diminished peripheral 
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efficiency of the vagus in the heart itself, or a combination of both 
these changes. 

The possibility of the second mentioned alteration (b) being opera- 
tive, I have tested by comparing the effects of a definite strength of 
(electrical) vagus stimulation in the neck during ordinary respiration 
with the effects of similar stimulation during periods of interrupted 
respiration. I find that during periods of obstruction of the breathing— 
such as would, while the vagi were exercising their tonic controlling 
influence upon the heart, have caused a striking acceleration of the 


pulse-rate the peripheral efficiency of the vagi does not undergo any 


such change as would at all account for the acceleration in question. 

In none of my experiments did the acceleration become greater 
than could be accounted for by a diminution or removal of the tonic 
controlling influence of the vagus centre—as shown by the effects of 
freezing or cutting the vagi in the neck. For example, in an animal 
that had a pulse rate of 16 in 10 seconds when perfectly quiet before 
being anesthetised, mechanical interruption of the respiration (under 
chloroform) was speedily followed by acceleration—up to a rate of 43 
in 10 seconds. A few minutes later when air had been readmitted for 
some time and the heart had settled down to a rate of 35—36, the vagi 
were frozen in the neck; the pulse-rate rose to 45. 

As regards the slowing of the heart-beat resulting from interruption 
of the respiration in an animal breathing naturally (under chloroform) — 


- we have to distinguish the slowing which may come as an early 


manifestation—preceding the phase of acceleration—from the late 
slowing, which succeeds the phase of acceleration, and persists, often 
with intercurrent periods of relatively accelerated and frequently 
irregular rhythm, up to the final extinction of the heart-beat. | 

The early slowing—the occurrence of which as already described 
depends on circumstances such as depth of anzsthesia, &c.—is due to 
increased activity of the vagus centre caused by the interference with 
the respiratory movements. Its development is not prevented by 
section of the cardiac augmentor nerves. 

The late slowing depends on two causes : 

(1) an increased ‘activity of the vagus centre induced by the 
asphyxial condition of the blood, and by the influence of an elevation 
of the blood-pressure while such is present, 

(2) a depressing influence exercised by asphyxial blood upon 
the heart itself, A in its e in addition to — its 
action, &c. 
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It may be remarked that the induction of asphyxia causes changes 
in the cardiac rhythm bearing a marked general resemblance to those 
produced by chloroform. 


SUMMARY. 


The general effects of chloroform upon the pulse-rate in the 
cat are very similar to those in man—first a stage of acceleration and 
then one of moderate or slow rate. 

The acceleration is essentially dependent on a diminished activity 
of the vagus centre; it occurs after the cardiac augmentor nerves have 


been cut, but not after the vagi have been cut (whether the augmentors 


are intact or not). 

The subsequent slowing of the pulse-rate induced by chloroform 
depends on (1) increased activity of the vagus centre, (2) a slowing 
influence upon the heart itself. It is not due to changes in blood- 
pressure or respiration. In exceptional cases giving more chloroform 
may fail to slow the pulse or may even quicken it. 

At a certain stage of chloroform anesthesia the vagus centre is 
often in a very sensitive and unstable condition so that sudden and 
extensive changes in pulse-rate may be produced with great readiness 
(by afferent impulses, etc.). | 

The effects of sudden changes of blood-pressure (haemorrhage, etc.) 
upon the pulse-rate are essentially due to changes in the condition of 
the vagus centre. | 

Sudden arrest of the respiratory movements gives results varying at 


different stages of chloroform anesthesia, though always terminating in 


a phase of slowing and irregularity. 

1. During relatively light anzsthesia there may be (a) a brief 
phase of slowing followed usually by acceleration; sometimes alternating 
periods of slowing and acceleration, or (b) acceleration without primary 
slowing. Convulsive movements are marked. 

2. With deeper anesthesia, acceleration is the rule, associated 
with respiratory effort and diffuse motor excitation. 

3. In still deeper anesthesia, there may be no change i in pulse- 
rate for a time; then slowing. Convulsive movement. is entirely 
absent, or slight and late in development. 

The acceleration is essentially due to diminished activity of the vagus 
centre; it is mérked only when contraction of skeletal muscles is excited. 
Slowing depends mainly on increased activity of the same centre, but 
in the final phase there is a direct influence on the heart itself. 
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THE GASEOUS METABOLISM OF THE SUBMAKXIL- 
LARY GLAND. By JOSEPH BARCROFT, M. A., BSc., 
Fellow of King's College, Cambridge. (Nine Figures in Text.) 


Part I. On Methods, with a description of an Apparatus 
for Gas Analysis. 


(From the Physiological Laboratory, Cambridge.) 


In the winter of 1897 I commenced a comparison of the gases in the 
venous blood emerging from the submaxillary gland with those of the 
arterial blood. Since it is necessary to be content with much smaller 
quantities of blood than are usually available for accurate blood-gas 
determinations, I have found it necessary to make some improvements 
in the analytical methods. I have also made some preliminary investi- 
gations concerning the influence upon the blood-gases of anesthetics, 
and the various expedients for rendering the blood lees prone to clot. 
Part I. given here deals with these points. 

A question arises as to how far the venous blood is comparable, 
volume for volume, with the arterial blood during stimulation of the 
chorda tympani nerve. The answer to this question will form the 
subject-matter of Part II., while Part III. will be an account of the 
actual results I have obtained on the main issue of the research. 

The gas-pump. Throughout the research I have used a Tœpler 
pump and have found it satisfactory in every way. Having tried 
pumps of different sizes, I have found the most satisfactory to be one 
with a chamber 20 centimetres long and 4°5 centimetres in diameter. 

This instrument is shown in Fig. 1 and only requires description in 
two particulars. Firstly, I have introduced a couple of permanent 
rubber joints (Fig. 1, @ and b) covered with mercury jackets in order to 
reduce the strain on the pump. Even better than a rubber joint for 
this purpose I have found a helix of-glass tubing. Secondly, in order 
to get rid of the great quantity of aqueous vapour which comes over 
with the gases I have introduced a special form of drying apparatus. 

PH. xxv. 20 
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This consists of a tower f containing pumice saturated with sulphuric 
acid, at the bottom of the tower is a bulb p which is filled with acid. 
The gases are led into this bulb through the tube m and give up much 
of their water to the acid in the bulb 9. When this acid is spent 
it can be removed into a second vacuous bulb p at the side by opening 
the tap between the two and raising the reservoir r with the tap A also 
open. Fresh acid can be allowed to enter at the top of the tower, and 
if this contains no air in solution, the whole arrangement will have 
saved the labour of making a fresh vacuum. 

The mercury reservoir d is e from a pulley in the ceiling 
and counterbalanced. 

A three - way tap c leads to a filter- pump, saving much labour in the 
making of the preliminary vacuum. 

The receivers and measuring burette. The characteristic feature of 
the apparatus is that it is all in one piece. In the usual forms of 
apparatus the various parts were detachable. This necessitated the 
making of certain joints during the experiment, with the corresponding 
risk of the inclusion of small quantities of air in some part of the 
apparatus. This is especially the case with those pumps in which the 
joints are simply pieces of unprotected rubber tubing. In the apparatus 
under discussion there are no joints. The burette in which the blood 
is measured, shown in Fig. 8, is blown on to the receiver shown in 
Fig. 2. The receiver is blown on to the tube m (Fig. 1) leading to the 
pump. The whole apparatus when set up presents the appearance 
shown in Figs. 6 and 7. When the experiment is finished the various 
parts are cut from one another in order that they may be washed. 
Rubber joints were not used for the following reasons. There is a 
danger of breaking the apparatus in binding such joints with wire, and 
unless they are bound with wire they are uncertain; it is difficult to 
localise a leak in a rubber joint, whilst this is easy in the case of tap, 
and is not easy to drive the blood completely out of them. 

Perhaps the apparatus will best be understood if a description is 
given of its actual working. The broad tube C, Fig. 8, is attached to 
a T cannula in the jugular vein (after all the possible paths for blood 
to enter the vein have been tied, except those coming from the sub- 
maxillary gland). The burette has been filled entirely with mercury. 
The stopper at the head of the burette (shown in Fig. 9) is turned so 
that the tube F communicates with C. Any air that might have been 
in the cannula and a little blood are allowed to run into the burette, 
and then the stopper is turned through 90° so that F becomes blind. 
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The tap H' is then opened and the blood and air are expelled. The 
apparatus is now ready for the collection of a sample; F is turned back 
to the tube C and blood is allowed to run into the burette till sufficient 
has been abstracted, say 8 c.c. The stopper is then turned through 
90° again. The quantity of blood collected is read off on the graduated 
scale and the stopper F turned so that it communicates with the tube 
D, the bore of which is 2 mm. and which leads to the vacuous receiver. 
This receiver is shown in Fig. 2. The whole system for purposes of 
description will be termed a “receiver.” The one depicted consists of 
six “chambers,” each chamber having three “bulbs” and being of the 
form supplied with Leonard Hill's apparatus. The capacity of the 
“chamber” is about 200 c.c. At the top of each chamber there is an 
ordinary two-way tap (Fig. 5), at the bottom there is a three-way tap, 
shown in two positions (Figs. 3 and 4). The tube D (Fig. 8) of the 
measuring burette is continuous with the tube ef (Fig. 2), which may be 
called the blood-main ” so that the blood shall enter at f This tube is 
of the same bore as the tube D from the burette, namely 2mm. From 
the figures it will be seen that when the tap is turned with the stopper 
parallel to the “ blood-main” fluid can run through the tap along the 
main, whilst if the tap is turned with the handle perpendicular to the 
“main” (as shown in Fig. 4) any fluid reaching the tap must run up 
into the “chamber.” It will thus be obvious that if, with one hand 
the stopper of the burette be turned so that F becomes continuous 
with D (Figs. 8 and 9), and with the other the tap ö, be turned into the 
perpendicular position (b, and 6, being in the position shown in Fig. 2), 
the blood will all run from the burette into the chamber A, and 
mercury will follow it, washing the blood-main' till ö, is closed. 
With a good vacuum in A, the whole chamber would be filled with 
froth, were not a hot sponge held on the top in the manner described 
by Leonard Hill. When it is wished to pump off the gases the tap 
at the top of A, is opened and they are allowed to expand along 
the wide tubing (cd, Fig. 2), called the “ gas-main,” joined to m (Fig. 1) 
and so into the pump. 
There remain to be described two details shown in the drawings: 
Firstly, in Fig. 2 there is a bulb K. It is necessary for the 
following reason. he quantity of blood read off on the burette-scale 
is not exactly that which enters the chambers. The scale starts from 
an arbitrary zero. It is a matter of calibration with each separate 


1 This Journal, XVII. p. 353, 1894. 
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burette (of which some five or six have been used at different times) to 
find out what constant must be added to the reading in order to get 
the actual quantity of blood entering the “chamber.” This constant, 
however, assumes that there is a film of blood in the “ main.” In order 
therefore to get the reading for the chamber ö, (which is used first) 
uniform with the rest, a film must be made by allowing a little blood 
to go through the “ blood-main” into the bulb K. Secondly, in Fig. 6, 
there are shown, in various positions, bags round the lowest bulb of 
each chamber. They are made of water-proof material and are stretched 
at the top on elliptical hoops of copper wire. Hot water is put into 
these to boil the blood whilst the gases are being extracted. An 


4% 
if 
ag 
12 
‘a 
* 
72 
| * 
} 
2 
| 
* 
* „ 
} 
4 
\ 
2 
5 
i 
| 
» 
7 
& 
34 
* 
4 
. 75 
2 
* 
* 
2 
val 
* f 
* 
— — = 
Fi 
a 
N J 
4 
* 
— 


J. BARCROFT. 


272 


Fig. 9. 
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alternative to their use is that of warm sponges, which is more con- 
venient if an attendant is at hand to hold them. 

Gas analysis apparatus. Throughout the research I have used the 
gas analysis apparatus described by Haldane’. 

The accuracy of the methods employed. Perhaps the best test of 
the accuracy of the apparatus which has been described is furnished by 
the figures given for the analysis of. several samples of the same 
defibrinated blood. I append two such analyses, the former made in 
December, 1898, the latter in February of this year. Ten cubic centi- 
metres of blood were taken in each case. 


| Range of Error 
23˙9 c. o. 24˙0 c. c. 3 
Oo; 0 20˙2 20˙6 4 
N. 19 17 19 2 
II. CO, 526 0.0. 52°6 0. c. 52˙7 c. c. 1 
O. 11-9 11°9 2* 
N, 16 2°4 8 


for every 100 0.0. of blood. 
* On the assumption that the excess of nitrogen is due to air. 

The first series of analyses represents the ordinary working error 
more closely than the second, though in many analyses the oxygen 
values have come out wonderfully concordant, as, for instance, in 
Exp. XI., where blood was withdrawn from the animal on two occasions, 
the samples C and B being withdrawn 18 minutes after the samples 
A and B. It must, however, be remembered that there was an interval 
of a minute or so between the withdrawal of C and D and again 
between A and B, so that it is not possible to argue that the 
composition of the blood in each case was exactly the same. The 
figures however are i 

12:09 c. o. 19°72 C. c. 
B 12-18 D 19°72 
for every 100c.c. of blood. 

A fair indication of the amount of air which leaks into the apparatus 
is furnished by the nitrogen readings. These will be found in a great 
proportion of experiments to be between 1°5 c.c. and 2:0 c. o. per 100 c.c, 
of blood. In time the glass taps get pitted, and when the nitrogen 
readings get at all frequently over 2˙5 I have either got the taps 
reground or had the receivers rebuilt with new taps as the occasion 

: 1 This Journal, Xxn. p. 465. 1898. 
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Apart from analyses of blood the apparatus has been tested in 
various ways. Perhaps the most stringent test was one applied from 
9 p.m. on October 22, 1898, till 6 p.m. on October 27. For almost five 
days the two receivers were left vacuous. Each chamber was then 
exhausted separately, with the following result. 


No. of chamber 5. 75 
Air extracted 2 c. c. ‘l ce. 3 c. o. 0 c. c. 12 c. c. 


In each of the chambers A,, A,, etc. (Fig. 6), about two cubic 
centimetres of water (previously deprived of its air by boiling in a 
vacuum) was passed exactly as blood would be in an experiment. The 
chambers were then exhausted, with the following result. 

A, 4. £A; 
2 c. o. O e. o. 0 c. e. 

It is always well to make the vacuum in the apparatus the night 
before an experiment, and to test it in the morning. This has been 
done in the majority of experiments performed on the submaxillary 
gland. 

A precaution always observed has been to put a little mercury 
in each chamber before the vacuum has been made. This at once 


shows whether there is a leak in any of the three-way taps, and also 


insures that there is no air left in the tubing of any of the taps or in 
the “ blood-main.” 

‘After testing a number of lubricants I have found the bet to 
be one furnished by Messrs C. E. Miiller and Co. (who have made my 
apparatus); it is a mixture of vaseline and india-rubber. 

It need hardly to be said that the efficiency of the apparatus 
depends largely upon its cleanness ; whenever an experiment is finished 
I allow a hot solution of caustic soda to be sucked into each chamber, 
filling it as nearly as possible. This remains in it over-night, in the 
morning the receivers are emptied, cut off the pump and off the 
burettes, and washed first with water, then with acid alcohol, then 
ordinary alcohol, and lastly with ether. 

In a comparison such as that of the venous blood coming from the 
resting gland with that coming from the active gland (from which the 
blood may flow seven or eight times as rapidly) it is necessary to know 


exactly how long each sample of blood takes to collect; for this purpose 


I have had an electrical contact fitted on to the burette, which is made 
by the turning of the stopper so that a signal marking on a drum may 
be pulled down during the interval of time taken for the collection. 


* 
N. 
Ag 
7 
— : 
a 
* 


ANALYSIS OF BLOOD GASES. „ 


In the analysis of the gases, in the measurement of the blood, and 
in the measurement of the time, my object has been to reduce an 
error to less than 1 per cent. of the quantities measured. Taking 
the range of error of oxygen and carbonic acid as about 3, and the 
deviation from the average as 15 c.c. per 100 cc. of blood, it will be 
seen that if there are 15 volumes per cent. of oxygen this standard has 
just been reached, whilst the error for the carbonic acid is well beneath 
the limit. To the same end the measuring burettes are graduated 
to th of a cubic centimetre, and with careful manipulation and the 
electrical time marker, the error in the time measurement should 
be very small. 

The coagulability of the blood. I have found the intravenous 
injection of leech extract’ to be the most efficient method of pre- 
venting coagulation in the cannula through which the venous blood 
is collected from the gland. 

Peptone I have not used, since it produces. lowering of the blood- 
pressure and causes the gland to secrete saliva. Aud Lahousse“ bas 
shown that peptone very materially alters the quantity of carbonic 
acid in the blood. 

Although Dickinson“ contends that the virtue of leech extract as 
a non-coagulant is due to its containing albumose, I have been unable 
to trace any similarity in the general physiological effects of solutions 
of the two when injected. Haycraft“ has shown that leech extract 
produces no great effect upon the blood-pressure. This I have verified 
(Exp. III.). 

Leech extract does not cause a flow of saliva, nor greatly modify the 
quantity of saliva secreted during stimulation of the gland by the 
chorda (Exps. III., IV. and X.). 

In Exp. X. the gases in the arterial blood were determined before 
and after the injection of leech extract, with the following result. 


Sample 00, 0 
9% 10" 37°68 c. c. 12-09 c. c. 
B 37°05 12°18 


2.20—2.23 Injection of leech extract. 

C 45°77 cc. 19°72 c. c. 
{p 4557 
for every 100 C. c. of blood. 

1 Skand. Archiv für Phys. u, p. 253. 1891. 
* Archiv fir (Anat. und) Physiol. 1889, p. 77. 
This Journal, xi. 566. 1890. 

Proc. of the Roy. Soc, XXXVI. p. 478. 1884. 
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276 J. BARCROFT. 
The result of Exp. X. is fully borne out by Exp. XI. as follows: 
Time Sample 00, 
1.50 p. m. II. 290 0.0. 12˙5 2% 0.0. 
1.58 Extract injected (32 leech heads in 40 c.c.) 


2.5 III. 36˙5 13°3 2-0 
2.20 IV. 449 167 1:2 
2.35 V 49˙7 19°5 3°0 


2.55 VI. 37°9 20˙9 207˙3 
5 for every 100 c. c. of blood. 


From these experiments it would appear that the figures drawn 
from one such as Exp. VI. are deceptive. These are 


Time Sample co, „ N. 
3.22 Injection of extract (32 leeches in 90 0. o.). 
3.42 II. . % 205 0.0. 
4.30 III. 54.3 14˙6 2˙42 

for every 100 0.0. of blood. 


Exp, XI. would give u similar result for the CO, if only samples III. 


and VI. were compared. The interval of time between samples II. 


and III. of Exp. VI. is 48 minutes, and that between samples III. and 
VL. of Exp. XI. is 50 minutes. 
In view of the figures just given it is necessary, in experimenting on 


the gland, to collect the arterial and venous bloods synchronously when 


the gland is in the resting state, since the collection of the latter takes 
some minutes. When the chorda is being stimulated the interval of 
time between the collection of the samples of arterial and venous blood 
should be as short as possible. If the stimulation takes place im- 
mediately after blood has been collected from the resting gland, the 
sample of arterial blood is used for comparison with the venous blood 
both from the resting and from the active gland. : 

Leech extract has the disadvantage of being a little uncertain in its 
action. Haycraft} states that one dog out of every six is immune 
to the action of leech extract. On several occasions I have found the 
extract to be without effect. | 

A more certain expedient for preventing coagulation is that of 


bleeding the dog several times in succession, whipping the blood and 


injecting it back into the vessels, This takes a considerable time, 
and as it cannot be done till after all the dissections have been made, 


1 Proc. of the Roy. Soc. xxxv1. p. 478. 1884. 
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3 8 the exposure both of the chorda tympani and the gland itself, 
the delay incurred is fatal to the method. A modiffeation of this plan 
has however been tried with some success, and will be a useful check 
on the method of injecting leech extract. The method is to employ 
two dogs, one of which (A) is to be used for the experiment on the 
gland. When the necessary dissections have been made, the second 
dog (B) is bled into a large beaker and the blood is whipped with 
feathers, whilst it is kept warm by means of a water-bath. When the 
fibrin has been extracted, the dog A is bled to an equal extent and the 
defibrinated blood of B allowed to flow into it. This method was 
tested in Exp. II.; the tracing showed a good blood-pressure after 
the operation, but the quantity of oxygen in the arterial blood after it 
had been defibrinated was very small, 

The whipped blood from B was put into A at 4.46 pm. 


Time Sample 7 co, 0, N, 

5.1 I. 46°5 c. c. 9˙9 c. o. 6.0 
5.24 II. 43.2 10°6 2°5 

5.49 III. 400 108 1˙5 


for every 100 c. c. of blood. 


Anesthetics. In some of the experiments already cited the quantity 
of CO, in the blood is abnormally high. 

This has equally been the case, whether coagulable or non-coagulable 
blood has been used. It is therefore not due in any way to 1 blood 
clotting in the chambers. For example in Exp. IIL: 

CO, in normal blood = 58˙6 c.c. 

CO, after injection of leech extract = 541 Cc. | 

Again, in Exp. IV., where a sample of blood was received into an 
empty receiver and another into one containing 2 c.c. of 1°/, potassium 
oxalate solution the following results were obtained : 

CO, in empty chamber = 571 c.c. for 100 C. c. of blood. 

_ CO, in oxalate chamber = 56˙2 C. c. 5 

It seemed possible that this increase in the CO, i in arterial blood 
was due in some way to the anesthetics". 

The two anesthetics used have been morphia and A. C. E. mixture. 

It did not appear probable at first sight that the rise in CO, 


1 Though Paul Bert under deep chloroform anmsthesia gets only 44 volumes °/, 
Hill and Nabarro out of a large number of experiments done under morphia get 87°65 
as the average number in 52 samples of arterial blood. They do not state how much 

morphia they used or how long their experiment lasted (this Journal, vn. p. 227. 1895). 
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was due to chloroform. The effect of chloroform on the blood gases 
is discussed by Guinard in the Dictionnaire de Physiologie, III. p. 623, 
from which it appears that different observers, and even the same 
observer (Paul Bert), have obtained absolutely contrary results, in the 
endeavour to arrive at the effect of chloroform upon the blood gases. 
While Paul Bert finds that after chloroform there is a fall in oxygen 
and rise in CO,, Arloing gets the opposite result. If Arloing’s 
figures are correct the effects on the blood gases would be so trivial as 
not to cause any abnormality. Guinard' considers that whatever the 
effect of chloroform may be on the blood gases it is produced by altered 
metabolism as well as by altered respiration. 

In Exps. I., III., VI., VII. the amount of CO, in the arterial blood 


was in all cases abnormally high. In these experiments there occur 


samples of arterial blood from animals under the ordinary conditions of 
experiment in which the animal has had morphia and chloroform and 
has lain some time upon the dissecting table. 

The results for the CO, under these circumstances are as follows: 


Expr. I. 11.30 Dog given morphia, then chloroform. 
: 2.10 CO, in arterial blood | | 
7 (mean of these samples) = 47-4 c.c, 
Exp. III. 11.30 Dog given morphia, then chloroform. 
3.17 Sample I. arterial blood CO, = 58-6 
Exp. IV. 12.45 Dog given morphia, then at 2°5 chloroform. 
3.35 Sample I. arterial blood CO, = 57˙1 
Sample II. arterial blood (oxalate in 
receiver) CO, = 56°2 
Exp. VI. 11.54 Dog given morphia. 
12.55 Dog given chloroform. 
3.42 Sample III. (after injection of leech 
extract) | CO, = 
4.30 Sample II. do. CO, = 543 
Exr. VII. 12.50 Dog given chloroform, 
| 2.50 Dog given morphia. 
4.36 Sample III. arterial blood : CO, = 46-4 


Whilst the above figures show what amount of CO, exist in the 
arterial blood of a dog “ under the ordinary conditions of experiment,” 


1 Richet’s Dictionnaire de Physiologie. Art. Chloroforme. 
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I may add that in no dog which I have investigated some time after 
the administration of morphia and chloroform was there less than 
46˙4 C. c. of CO, in every 100 c.c. of arterial blood, unless the blood had 
been artificially modified, by some process such as whipping or artificial 
respiration. 

An analysis of defibrinated blood was made in one bulb of the 
apparatus used in Exp. VI., lest the high CO, readings should be due 
to experimental error, with the following result : 


CO, =348 O,=16lec, N,=20 cio. 


for every 100 C. e. of blood. 
It seemed then that the high CO, value might be rem to either the 
chloroform or the morphia . 
Exp. VII. was therefore performed in 3 5 the 5 was given 
chloroform without morphia. 


The chloroform was given at 12.50. Twenty minutes later the first 
sample was taken for analysis. The second sample was taken at 2.35. 

At 2.50, 8 0.0. of 2 p. o. solution of morphia were injected and after some 
time a third sample of blood was taken. 

The results of the analyses are as follows: 


Sample I 1.10 ©0,=38-4e.c. for every Ios of blood. 


0 =17'4 
Sample II. 2.35 CO,=43°6 
O =186 
Morphia. 2.50 O©O,=46°4 
Sample III. O =18-4 


The experiment shows that a gradual rise of CO, takes place during 
the conditions of experiment. It does not however show whether the 
chloroform or the morphia has the greater effect, nor does it suggest. 
whether Guinard’s contention is correct’, viz., that a rise in the CO, 
in blood is due to altered respiration or to some definite action of the 
anesthetics on the system. It would seem however that the rate 
of respiration has a considerable effect upon the blood-gases, for 
between the withdrawal of samples III. and IV. of blood, the dog was 
subjected to twenty minutes of brisk respiration with the result that 
the CO, dropped from 46:4 to 189, and the N rose from 16˙4 
to 214. 


1 Richet’s Dictionnaire de Physiologie, ut. p. 624. 
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Supporting the results of Exp. VIII. is that of Exp. IX., in which 
the dog was anwsthetised with chloroform only, the respirations became 
very rapid and three samples of blood were taken immediately from 
the carotid artery, the mean value for the CO, was only 23°85 volumes 
per cent. In order to discuss the action of chloroform two factors 
must be taken into account. The initial reduction in the amount 
of CO, due to quickened respiration while the animal is being 
anesthetised and the more lasting effect during ansesthesia which 

causes a rise of CO, 

I have not pursued the question further, though I hows to do so at 
some future time. The immediate object was to obtain arterial blood 
in which the quantity of CO, was not abnormally high at the end 
of two or three hours’ dissection under anesthetics ; this can be done by 
giving artificial respiration. 


APPENDIX. 


In the following additional details are gigen with regard to some of the experiments. 


Exp. II. Analysis of blood-gases after defibrination and transfusion. 

2.0 Morphia to dog A. 

2.30 Chloroform to dog 4. 

4.25 Bled dog B under chloroform. 

4.42 Commenced bleeding dog A. A was bled till blood ceased to come. 

4.46 Whipped blood from dog B injected into dog A. 

5.1 Sample I. of blood taken from left femoral artery. 

5.24 Sample II. as above. 

5.49 Sample III. as above. 

6.5 Sample of blood taken from carotid. This sample of blood was not clotted 
on the following day. 


Analysis of gases. In 100.0. of blood. 


Sample I. Sample II. Sample III. 
CO, =46°5 0. o. 43°2 0. c. 40˙0 0. %. 
O, = 99 10°6 10°8 
N. = 15 1°5 


Exe. III. Analysis of blood-gases after injection of leech extract. Effect of leech | 
extract on irritability of gland. 


11.36 Morphia given. Weight of dog 10 kilos. Leech head extract. 20 heads to 
50 c.c. NaCl solution. 
3.17 Sample I. for gases from left femoral artery. ene 85 0. o. 
8.87 40 C. 0. of leech extract injected. 
3.42 Sample A of blood for clotting. 
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stimulation of chorda. 

Sample B of blood for clotting. 

Sample C. Blood was very thick and clotted almost at once. 

Sample B clotted. 

Sample II. of blood. 

Barometer 758 mm, Thermometer 21° C. 


Sample 4 not clotted « on following day. 
Analysis. 


Sample II. 
C0. 58˙6 0. o. 54:1 0. 0. 
O. 213 ˙2 13°6 
N. * 20 


for every 100 ¢.c. of blood. 
Exp. VI. Effect of leech extract on blood-gases and coagulation. 


11,54 
12,55 


Morphia 5 c.. Weight of dog 7 kilos. 


Chloroform. 


8.29 to 3.82 50 0.0. of leech extract injected (32 leeches to 70 b. o.). 


3.42 
3.35 
3.57 
4.17 
4.30 
4.87 
4.57 
5.17 
6.30 


Sample I. from femoral artery. Amount 91 0. o. 

Sample 4 of blood. 

Sample B of blood. 

Sample C of blood. 

Sample II. as above. Amount=9°0 c.c. 

Sample D. 

Sample E. 

Sample F. 

None of the Samples A—F had clotted, though the later ones had a film of 
coagulation on the glass. 

Barometer 760 mm. Thermometer 20° C. 


None of the Samples A—F had coagulated on the following morning. 


Analysis of gases. 
Sample I. Sample IT. 
CO,=52°7 0. o. 54°3 0. o. 
O. 215˙4 140 
N. = 2°05 2°42 


for every 100 c.c. of blood. 


12.50 
1.10 
2.35 

2.50 
4.34 
4,36 
4,45 
5.5 
5.6 


VII. Effect of chloroform, morphia and artificial respiration on blood-gases. 
Gave dog chloroform without morphia. 

Sample I. of blood. 

Sample II. of blood. 

8 0.0. of 2% solution of morphia injected. 

Respirations 12 per minute. 

Sample III. of blood. 

Artificial respiration 1 per sec. 

Sample IV. of blood. 

Artificial respiration stopped. 


Sample IV. of blood was peouliar in colour (by s Hebt), looking as though some 
Chinese white had been mixed with the blood. 


PH. xxv. : 21 
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Analysis of gases. | 
Sample I. Sample II. 

CO, =38'4 c. o. 00.436 0. o. 
N, = 4°5 N. = 8˙4 

Sample III. Sample IV. 

C0. 46˙4 0. e. 00. 18˙9 c. o. 
O0 =19°5 corrected = 18°4 c. c. O. =21°8 corrected = 21°4 c. o. 
N. = 63 N. = 32 


Exe. X. Effect of leech extract on blood-gases and on flow of saliva. 

Dog, 7 kilos. Cannula in Wharton duct; dissect chorda tympani, cannula in femoral 
artery and femoral yein. 

2.8  Chorda stimulated for one minute. Flow of saliva=145 divisions. 

2.7 Sample of blood drawn, clotted in seven minutes. 

2.10 Sample I. 2 

2.12 Sample II. 

2.20—23 Injection of leech extract, 30 leeches in 50 0. o. 

2.28 Sample III. 

2.29 Sample IV. 

2.31 Stimulated chorda, saliva in one minute=175 divisions. 

Thermometer 22°. Barometer 764 mm. 


Analysis of gases. 
i. II. III. IV. 
co, 37°64 38°049 45°774 46˙515 
0, 12-094 12°189 19°722 19°722 


cubic centimetres per 100 0. 0. of blood. 
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THE PHYSIOLOGICAL EFFECTS OF EXTRACTS OF 
NERVOUS TISSUES. By W. A. OSBORNE, Assistant 
in Physiological Chemistry, Axp SWALE VINCENT, Assis- 
tant Professor of Physiology, Univ. Coll. London. (Eleven 
Figures in Text.) 


(From the Physiological Laboratory, U: 3 College, London.) 


ScHAreR and Moore’ were the first to observe that an extract of 
brain substance when intravenously injected is usually followed by 
a fall in the blood-pressure.” 

Schafer and Vincent’, in connection with work upon the pituitary 
body, observed that injection of brain extracts was sometimes followed 
by very extensive irregularities in the blood-pressure curve. 

Mott and Halliburton“ suggested that the material in extracts 
of brain which Schafer and Moore found to produce a depressor 
effect was choline. This suggestion was repeated and emphasised in 
a fuller paper more recently published“ At the meeting of the 
Physiological Society in February last we made a preliminary com- 
munication which may be briefly epitomised as follows: 

Extracts of nervous tissues, especially grey matter of brain, produce 
when injected a marked fall of blood-pressure which is not affected by 
section of both vagi. The fresher the material the more powerful are 
the depressor effects. The depressor substance is soluble not only in 
saline solution but also in alcohol and ether, and it is not precipitated 
by phosphotungstic acid. 

In a recent issue of the British Medical Journal we expressed our 


belief thet the depressor effects are not due to choline’. 


1 This Nurnal, xx. p. 1. 1896, 

2 Proc. Physiol. Soc. March, 1899; This Journal, xxxv. p. xix. 1899, and This Journal, 
xxv. p. 87. 

® Proc, Physiol. Soc. Feb. 1899 ; peat p. ix. 

* Phil. Trans. 1899, pp. 216 and 242. 

5 Brit. Med. Journ. March 3rd, 1900. 

It is interesting to note that a depressor substance has been described as occurring 
in extracts from the medulla of supra-renal capsules (in addition to the well-known 
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284 b. A. OSBORNE AND 8. VINCENT. 
Methods employed. The extracts we have employed were made 


from brain, spinal cord, and sciatic nerve of various animals. In all 


crucial experiments every precaution was taken to ensure that our 
material was absolutely fresh. We have for instance often killed the 
animal by decapitation, removed the brain or other nervous structure as 
quickly as possible, and made the saline decoction without any delay. 
For many of our experiments we have carefully separated grey from 
white matter of brain and made extracts of equal strength from each. 
The extracts employed have been mostly normal saline (‘9 % ) decoctions, 
the substance being previously ground in a mortar with sand. The 
decoction was not maintained at the boiling point for more than a few 
seconds, This saline decoction has served as a starting point for further 
modes of extraction which will be treated of subsequently’. Our 
material has been obtained from the sheep, dog, cat, rabbit, and 
guinea-pig, and certain fishes. 
The animals employed for experiment have been ikea: cats, rabbits, 
rats, mice, and frogs. The A. C. E. mixture has been the primary 
anesthetic chiefly employed. This has been in most cases followed 
by morphia, and in some of the experiments by curare. 

The blood-pressure was taken from the carotid artery with a 
mercurial manometer. 

We have found it convenient to inject the extracts into the 
saphenous vein in the dog, the femoral in the rabbit, and the femoral 


or jugular in the cat. 


For studying changes in volume of a limb a glass plethysmograph 
containing water at about the temperature of the body has been 
employed. For the intestine we have used an air oncometer. Each 
of these has been connected with a piston recorder. . 

For recording the effects upon the mammalian heart we have 


pressor substance of Oliver and Schafer) and infundibular pituitary, both of which 
structures are of nervous origin. Reasoning from certain analogous histological features 
common to supra-renal medulla and sympathetic ganglia as well as from the undoubted 
origin of the former from the latter, certain authors have looked for a common physio- 
logical action from extracts of the two tissues. Cleghorn, however, has shown that 
extracts of sympathetic ganglia have only a marked blood-pressure lowering effect. Abel, 
Zeitschrift f. physiol. Chem. p. 24, 1897; Schäfer and Vincent, This Journal, xxv. 
p. 87; Osborne and Vincent, Brit. Med. Journ. March 3rd, 1900; Cleghorn, Amer. 
Journ. of Physiol. June, 1899. 

1 We have also employed Baumstark’s well-known method of preparing an aqueous 
extract of brain by treating with excess of ether. See Neumeister, Lehrb. d. Physiol. 
Chem. p. 466, 2” Aufl. 1897; Baumstark, Zeitschr. J. Physiol. rx. 1885. : 
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employed the method described by Oliver and Schäfer. A hook is 
caught in the epicardium of the auricle and another in that of the 
ventricle, From these pass fine threads over pulleys moving on a 
horizontal axis and then vertically downwards to be attached to long 
elastic levers of steel. To the ends of the levers writing points are 


| attached. 


PHYSIOLOGICAL EFFECTS, 


(a) General. A few experiments have been 3 with the 
object of testing the effects of subcutaneous injections of brain extracts. 
The animals used were rats, mice and frogs. No effects whatever were 
noted“. 

) The Arterial System. We have prepared and used for injection 
extracts from (1) the entire brain of various animals, (2) grey matter 
carefully separated from the rest of the brain, (3) white matter alone, 
(4) spinal cord, (5) sciatic nerve. We have found that the intravenous 
injection of each of these extracts is invariably followed by a distinct 
fall of the blood-pressure, which however usually returns to the normal 
after a comparatively brief interval. In Fig. 1 a typical instance is 
given of the result of injection of an extract of guinea-pig’s brain into 
the circulation of a dog, 

The actual extent of depression varies with the animal experimented 
upon and naturally with the strength of the extract, Using in each 
case an extract made by boiling one part of nervous substance with 
three parts of normal saline, we find that the depressor effect of grey 
matter of brain is much more pronounced than that of other parts of 
the nervous system. As a rule extracts of sciatic nerve produce effects 
comparable with those of white matter of brain, This is well shown 
in Fig. 2. 

The depressor effects produced by administration of these extracts 
may be repeated indefinitely without apparently undergoing any dimi- 
nution in intensity provided that an interval of a few minutes be 
allowed to intervene between the successive injections. 

Section of both vagus nerves exercises no influence upon the 
depressor effects of the extracts, This is exemplified in Fig. 3. 


1 This Journal, Vn. p. 256. 1895. 
2 One of us has previously found that subcutaneous injection of large doses of brain 
eS Vincent, This Journal, XXII. p. 272. 
- 1898). 
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The administration of atropine in doses sufficient to completely 
annul the cardio-inhibitory effects of vagus stimulation has no effect 


Fig. 1. Dog. A. C. EB. Morphia. Injection of saline decoction guinea-pig’s brain. 


Fig. 2. 
Time marker shows seconds. 
Fig. 2. Dog. A.C.E. Morphia. (a) shows effect of 2¢.c. saline decoction of sciatic 


nerve, (b) of 1 c.c. white matter brain, (e) of 2 0. o. ditto, (d) of 2 0. o. grey matter 
brain. 


guinea-pig’s brain. 


\ upon the depressor action of nervous extracts. See Figs. 8, 9, and 10. 
i We have only occasionally observed the irregularities of blood-pressure 
noted by Schafer and Vincent. They have moreover been invariably 

preceded by a fall. 
There can be little doubt that the lowering of blood-pressure is 


| : Fig. 8. Dog. A. C. E. Morphia. Both vagi cut. Injection of 1 6.6. saline decoction 
brought about by dilatation of the arterioles throughout the body. 
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Fig. 4. Dog. A. C. B. Morphia. Curare. Artificial respiration. nn 
on hind limb. Injection of 2·5 C. e, decoction cat’s brain. 


Fig. 5. Dog. A. C. E. Morphia. Curare. Artificial respiration. Pleth h 
hind limb, Anterior crural and sciatic nerves out. Injection of — 
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This is borne out by plethysmographic records of changes in the 
volume of a limb and of a loop of intestine. In each of these cases 
the lever of the piston recorder rises rapidly as the result of injection, 


See Figs. 4, 5, 6, 7 and 8. 


Fig. 6. Fig. 7. 
Fig. 6. Dog. A.C.E. Morphia. Curare. Artificial respiration. Loop of intestine in 
air plethysmograph. Injection of 1°5 o. e. decoction cat’s brain. 
Fig. 7. Dog. A. C. B. Morphia. Curare. Artificial respiration. Hind limb plethysmo- 
graph. Hooks in auricle and ventricle. Injection of 2 . 0. saline decoction 
spinal cord l. 


It will be observed from these tracings that the increase in volume 
of the intestine corresponds in time exactly with the fall in blood- 


I The spinal cord was taken from a living animal. 
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pressure (Fig. 6), while in the case of the limb (Figs. 4, 5, 7 and 8) 
a relatively slight constriction precedes the dilatation, which latter first 
manifests itself as the blood-pressure begins to rise. From this we may 
argue that the vascular dilatation in the splanchnic area is so immediate 
and so pronounced as to withhold blood from the more distant limb, 
thus causing in the latter a temporary constriction. A little later the 
linib also participates in the dilatation. 

(e) The Heart. When a record of the movements of the auricle 
and ventricle of a mammalian heart are taken simultaneously as in 
Fig. 7, an injection of a nervous extract is seen to produce distinct 
effects upon both. The extent of movement of the auricle lever is 
markedly diminished; that of the ventricle lever is less affected. It 
will be noted that the heart. effects do not begin until the fall of blood- 
pressure is already well advanced. This naturally suggests that the 
cardiac changes are secondary to those of the arterioles, the diminished 
flow of blood to the heart causing a decrease in the extent of movement. 
of the auricle and later of the ventricle also. After the administration 
of atropine, when the heart is beating much more quickly and powerfully 


than previously, the same effects follow injection of nervous extracts. 


In some few cases we have noted slowing of the heart. This is also 
observable with the frog’s heart when a nervous extract i is — 


upon it. 


Mop or ACTION OF THE EXTRACTS, 


It has been already stated that section of both vagi and the 
administration of atropine produce no change in the results to be 
obtained by injection of extracts of nervous tissues, 

When Ringer's fluid containing a brain extract is perfused through 
the blood vessels of a frog in which brain and spinal cord have been 
destroyed by pithing, a marked increase of flow is obtained as compared 
with that previously obtained with Ringer's fluid alone. Again, the 
dilatation of the hind limb of a dog occurs equally well in an intact 
limb and in one in which the anterior crural and sciatic ‘nerves have 
been divided. This is well seen in the tracing reproduced in Fig. 5 
when compared with Figs. 4 and 7. These facts lead one directly to the 
conclusion that the action of the extracts is directly upon the arterioles, 
and does not influence thesé through the vasomotor nerves, The 


arterioles primarily affected are, as indicated above, those of the 
splanchnic area. 
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THE NATURE OF THE DEPRESSOR SUBSTANCE, 


It occurred to us that the effects we had observed might be due to 
the presence of so-called alkaloids which owed their existence to post- 
mortem decomposition. We find on the contrary that, so far from this 
being the case, absolutely fresh material is of greater physiological 


activity than that which has been rendered liable to putrefactive 
change. We find for example an appreciable difference between an 
extract from a brain taken from an animal immediately after killing by 
decapitation and one which has been allowed to remain in situ over 
night. 

The depressor substance may be extracted as we have seen by 


boiling in normal saline solution -9°/, for a short time. When excess of 
alcohol is added to this saline decoction of brain, a flocculent precipitate — 


falls which, on extracting, is found to be physiologically inactive; the 
alcohol, on the contrary, contains the depressor substance as shown by 
the fact that when the alcohol is evaporated off, the residue when 
re-extracted with saline produces a marked lowering of blood-pressure. 


The alcoholic residue is found to be completely soluble in ether. 


A very natural suggestion is that of Mott and Halliburton, viz. 
that the depressor substance is choline. In order to settle this point 
we have obtained a supply of choline hydrochloride from Griibler of 
Dresden and instituted a careful comparison between its physiological 
action and that of our nervous extracts. We have usually employed a 


solution of choline of 0:2 per cent. and injected quantities amounting to 


1—3 cc. We find that the physiological effects produced by the 
injection of this drug conform in the main with those obtained by 
Mott and Halliburton (loc. cit.). We have further satisfied ourselves 
that the choline was free from contamination with neurine by the 
absence of any precipitate with tannic acid and by the fact that crystals 
of a uniform nature were obtained by the spontaneous evaporation of a 
solution of the platinum double salt in water and in 15% alcohol, 


which when weighed corresponded with the amount theoretically 


possible. We have also taken precautions to prevent — decom- 
position of our solutions of choline. 

Our first duty was obviously to seek for choline in the extracts. 
The presence of choline in aqueous solution may be indicated by the 
formation of a voluminous dark brown precipitate on addition of iodine 
dissolved in potassium iodide solution. A white precipitate is given 
with phosphotungstic acid. The conclusive test however is the forma- 
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tion in alcoholic solution of the platinum double salt obtained by the 
addition of alcoholic platinic chloride. This salt is insoluble in ether 
but readily soluble in water and 15°/, alcohol, and on evaporation of 
these latter solutions yields crystals of a characteristic shape’. On 
applying these tests to our fresh saline decoctions we find that choline 
is undoubtedly present, but only in very small amount. With brain 
which is not absolutely fresh an appreciable increase in the amount of 
choline may be readily detected, physiologically as well as chemically 
(v. infra). We have abundant evidence to prove that this small amount 
of choline is quite insufficient to produce the physiological effects we 
have described; that, in fact, the active depressor substance cannot be 
choline. 
Our reasons for this conclusion are : 
1. A solution of choline which produced physiological effects 
comparable to those of a brain extract, contained four and a half to 
five times the amount of choline as estimated by the production of the 
platinum double salt. Further, a solution containing the same per- 
centage of choline as that contained in a brain extract, produced no 
effect, while the depressor effects of the latter were very pronounced, 
eg. a choline solution yielding 00505 gram of the platinum double salt 
from 10 e. c. gave results similar to a brain extract from an equivalent 
amount of which only 00112 gram could be obtained. The difference 
in the amount of choline present in an extract of fresh brain and a pure 
solution of the salt giving approximately equal physiological effects may 
be readily demonstrated by the voluminous dark brown precipitate with 
iodine in the latter case and by the slight cloudiness or almost complete 
absence of precipitate in the former. 
, 2. Apart from the chemical evidence we have a certain physiological | 
criterion which enables us to exclude choline as the actual depressor — 
substance. This is the behaviour as regards the blood-pressure of our 
brain extracts on the one hand and choline on the other after the 
administration of atropine. As pointed out by Mott and Halliburton 
the depressant action of choline is abolished by the previous adminis- 
tration of atropine. If any result be obtained under these circumstances 
it is a rise of blood-pressure and not a fall. We have invariably found 
that the fall of blood-pressure consequent upon the injection of extracts 
of fresh brain remains unaffected by the previous administration of 


1 Mott and Halliburton, loc. cit. 


ease 10 of brain extract yilded (-0108 grammes of the platinum 
salt. 
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atropine (see Figs. 8, 9 and 10). In some few cases, notably in the cat 
and rabbit, with the doses we have employed choline has produced 


The first injection choline. The second=saline decoction of brain. 


a rise rather than a fall even before the administration of atropine. 
The effect of the latter drug has in these cases been to accentuate the 


| 

Fig. 8. Dog. AC. E. "Morphis. Curare. Artificial respiration, Atropine, 

| 

| rise of pressure. In none of these cases, however, has brain failed 


Fig. 9. Oat. Morphia. Atropine. First inſeotion 1 b. 0. of 0°2 
. Choline. The ‘second c.c. brain decoction. 


to bring on its depression. We have performed eleven 
experiments upon this point; six on dogs, three on cats and two on 
| rabbits. Our results have been uniformly as stated above. 
| We have already mentioned that an extract of brain not quite fresh 
i contains more choline than one taken warm from the animal, And 
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this is borne out by the physiological test, the depressant effects in this 
case being markedly diminished though never quite annulled by che 
injection of atropine’. 


Fig. 10. Rabbit. A. C. B. Morphia. Atropine. First injection =choline. 
The second=brain decoction. 


That the effects are not due to the inorganic salts present in our 
extracts may be readily proved by evaporating and calcining the latter, 
dissolving the ash in water and injecting into the circulation. Such 
injection produces no effect upon the blood-pressure. 

A trace of lactic acid is usually present in the brain extracts, but 
we have found that the injection of both fermentation- and sarco-lactic 
acids in 1% solution give negative results“. This applies also to 


' glycero-phosphoric acid, which one might expect to accompany choline 


as a decomposition product of lecithin. 
W. H. Thompson“ has made the interesting suggestion that the 


depressant effects of extracts of animal tissues may be due to the 


presence of histone. This may be possible in the case of glandular and 


_ adenoid tissues‘, but must be excluded in the present instance, as our 


extracts gave no precipitate with ammonia and the depressor substance 
was soluble in mixtures of varying proportions of alcohol and ether. 
S0 far we have been unable to isolate and identify the active 


substance in nervous extracts. We can only say at present that it is 


neither a proteid nor a carbohydrate. a 

We have already mentioned that an active depressor substance has 
been shown to be present in extracts of infundibular pituitary and 
possibly also of suprarenal medulla. In the case of the suprarenal 


1 It is curious to note that an extract of the brain of Gates Moashias an senad other 
teleosts produces no effect when intravenously injected. == = 

2 Vide Mott and Halliburton, loc. cit. p. 252.. 

3 Zeitschr. f. physiol. Chem, xxix. pp. 1, 18. 1900. 3 

See Schäfer and Moore, This Journal, xx. p. 26, 1896; also Oliver and pentane 
This Journal, xvi. p. 277, 1895. 
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capsule, the depressant effect is entirely masked by the exceedingly 
powerful pressor substance, This is also the case with a first injection 
of pituitary extracts, but owing to a peculiar immunity acquired by 
the animal, this pressor effect is not seen on a second injection, but 
only a pure depressor effect. If Fig. 11 which shows this be compared 


Fig. 11. Dog. A. C. . Morphia’ Both vagi cut. Second injection of pituitary. 


with Fig. 3, a matked similarity in the nature of the curve will readily 
be perceived. Schafer and Vincent have shown that the pituitary 
depression like that of our brain extracts is not abolished by atropine, 
and the possibility exists that the two active principles may be 
identical. 


SuMMARY. 


1. Extracts of nervous tissues when intravenously injected produce 
a marked temporary fall in arterial blood-pressure. 

2. This fall may be obtained after section of both vagi, and also 
after the administration of atropine. 

3. The lowering of the blood-pressure is due to dilation of ee, 
those of the splanchnic area being first affected. 

4. The depressant substance in these extracts acts directly upon 
the blood vessels, and not through the agency of the vaso-motor 
nerves. | 

5. Though choline is present in small amount in these extracts, it 
must be excluded as the active principle. 
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THE FERRICYANIDE METHOD OF DETERMINING 
THE OXYGEN CAPACITY OF BLOOD. By JOHN 
HALDANE, M.D., F. RS. (One Figure in Text.) 


(From the Physiological Laboratory, Oaford.) 


IN a previous paper in this Journal (XXII. p. 298) I described a new 
and simple method of determining the percentage of oxygen capable 
of being taken up in combination with the hemoglobin of blood. This 
method depends on the fact that the combined oxygen is liberated 
rapidly and completely on addition of solution of potassium ferricyanide 
to laked blood, and may thus be easily measured with the help of an 
apparatus similar to that of Dupré for determining urea in urine. 


Since the publication of the paper referred to I have made a number 
of experiments to test the method more rigorously, and have in 


consequence modified it with a view to avoiding possible sources of 


error. 


The apparatus is shown in the accompanying figure, and the 
following is the process as now employed. 

20 c.c. of the oxalated or defibrinated blood, thoroughly saturated 
with air by swinging it round in a large flask, are measured out 
from a pipette into the bottle A, which has a capacity of about 
120 c.c. As it is important to avoid blowing expired air into the 
bottle the last drops of blood are expelled from the pipette by closing 
the top and warming the bulb with the hand. 30 C. c. are then added 
of a solution prepared by diluting ordinary strong ammonia solution 
(sp. gr. 0°88) with distilled water to ;},;th. The ammonia prevents 
carbonic acid from coming off, while the distilled water lakes the 
corpuscles. The blood and ammonia solution are thoroughly mixed by 
shaking, and at the end of this operation the solution should appear 


perfectly transparent when tilted up against the sides of the bottle’. 


1 If the solution were not transparent this would indicate that the laking was 
incomplete, and more ammonia solution would need to be added. 
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About 4 0. C. of a saturated solution of potassium ferricyanide are then 
poured into the small tube B (the length of which should slightly 


E 
BURETTE 2 
83 
LEVELLING 
--8 


exceed the width of the bottle) and placed upright in 4. The rubber 
stopper, which is provided, as shown, with a bent glass tube connected 
with the burette by stout rubber tubing of about 1 mm. bore, is then 
firmly put in, and the bottle placed in the vessel of water C, the 
temperature of which should be as nearly as possible that of the room 
and of the blood and water in the bottle. If the stopper is not heavy 
enough to sink the bottle the latter should be weighted. By opening 
to the outside the three-way tap (or T-tube and clip) on the burette, 
and raising the levelling-tube, which is held by a spring clamp, the 
water in the burette is brought to a level close to the top. The tap is 
then closed to the outside, and the reading of the burette (which is 


graduated to 05 C. e., and may be read to 01 c.c.) taken after careful 


levelling. 
The water-gauge (which has a bore of about 1 mm.) attached to 
the temperature and pressure control-tube is now accurately adjusted 
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to a definite mark. This is easily accomplished by sliding the rubber 
tube backwards or forwards on the piece of glass tubing D. The 
control-tube is an ordinary test-tube containing some mercury to sink 
it, and connected with the gauge by stout rubber tubing of about 1 mm. 
bore. 

As soon as the reading of the burette is constant, which it will 
probably be within two or three minutes, the bottle is tilted so as to 
upset B, and is shaken as long as gas is evolved. During this operation 
B should be repeatedly emptied, as otherwise the oxygen dissolved in 
its liquid might not be completely given off. When the evolution of 
oxygen has ceased the bottle is replaced in the water. If, as is probable, 
the pressure gauge indicates an alteration in the temperature of the 
water, cold water from the tap, or warmed -water, is added till the 
original temperature has been re-established, and the reading of the 
burette noted as soon as it is constant. The bottle is again shaken &c. 
until a constant result is obtained, for which about fifteen minutes from 
the beginning of the operations are required. The temperature of the 
water in the jacket of the burette, and the reading of the barometer, 
are now taken, and the gas evolved is reduced to its dry volume at 0° 
and 760 mm, To calculate the oxygen evolved from 100 C. c. of blood 
allowance must be made for the fact that a 20c.c. pipette does not 
deliver 20 C. c. of blood, but only about 19°6¢.c. The actual amount of 
shortage for a given pipette can easily be determined by weighing the 
pipette after water, and again after blood, has been delivered from it. 
A further slight correction is necessary on account of the fact that the 
air in the bottle at the end of the operation is richer in oxygen than at 
the beginning, so that, as oxygen is about twice as soluble as nitrogen, 
slightly more gas will be in solution. With a bottle of 120 c.c. capacity, 
and 20% of oxygen in the blood, the air in the bottle at the end will 
evidently contain about 27°/, of oxygen, so that, assuming that the 
coefficients of absorption of oxygen and nitrogen in the 54 C. c. of liquid 
within the bottle are nearly the same as in water, the correction will 
amount at 15° to 06 c.c. in the reading of the burette, or + 30% in the 
result. 

In the method as originally described in my previous paper 20 c.c. 
of water and 2c.c, of “saturated solution” of sodium carbonate were 
mixed with the blood previously to the addition of the ferricyanide; 
and in investigating the accuracy of the method I at first adhered to 
the original directions, but soon found that too much sodium carbonate 
could easily be added, the result being a shrinkage of the remains of 
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the corpuscles from the laked blood, in consequence of which the ferri- 
cyanide did not completely reach the oxyhzmoglobin, and the result 
was too low. The presence of undecomposed oxyhemoglobin could be 
demonstrated by diluting the liquid in the bottle with 6% salt solution, 
and saturating part of it with carbonic oxide. The change of colour and 
spectrum showed the presence of undecomposed hemoglobin. This was 
specially evident when the liquid was also shaken with expired air, so 
that the colour and spectrum of acid methemoglobin were obtained 
along with those of oxy- or CO-hemoglobin. If the carbonate of soda 
solution had been saturated at a low temperature, as in the previous 
experiments, there was no re-precipitation of the corpuscles in ox-blood 
provided the liquids were quickly mixed; but a solution saturated in 
warm weather caused a marked re-precipitation. This was accounted 
for by the fact that the solubility of sodium carbonate varies enormously 
with temperature up to about 30°. Finding that 2c.c. of a 10%, 
solution of dried sodium carbonate caused no precipitation with ox- 
blood I made a series of test experiments, in which the results by the 
pump with perfectly fresh ox-blood were compared with the results by 
the ferricyanide method. The arrangement of pump, blood-receiver, &c. 
was that of Bohr’, and the analyses were made in the apparatus which 
I recently described in this Journal*. As the result by the ferricyanide 
method represents only the oxygen in combination with hemoglobin, 
while that given by the pump includes also the oxygen in simple 
solution, I have deducted from the result by the pump the percentage 
of oxygen (about 0°63 with blood saturated at 13°) which would be in 
solution. This amount was calculated on the assumption that the 
coefficient of absorption of oxygen in blood is jth less than in water, 
Paul Bert’s experiments on the nitrogen and oxygen of the blood of 
animals in compressed air having shown that this value is probably 
correct'. I have also assumed that any excess of nitrogen over the 
percentage present in blood saturated with air at the same temperature 


was due to the accidental presence of air in the pump. This implied a 


1 Skand. Arch. fiir Physiol., m. p. 72. In three double determinations by this 
method of the oxygen capacity of blood the maximum difference found by Lorrain Smith 
and myself was 05 ., (This Journal, xvi. pp. 478, 474.) 

2 XXII. p. 465. 

3 Bert, La Pression Barometrique, p. 661. Bert's experiments on blood saturated 
with compressed air outside the body apparently indicate a much higher coefficient of 
absorption ; but in all probability these experiments were vitiated me the e in the 
saturated blood of air - bubbles caused by the shaking. 
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very slight additional correction. The results are given in the following 
table: 


Volumes of 2 Pet 100 volumes 
| By By ferricyanide 

No. 1. Defibrinated on- blood 24-88 tar 
20°47 
No. 2. Oxalated ox-blooa 20-36 — 
92-20 
No. 8, Oxalated ox-blood 29-40 
Average 22°88 22°89 


The results were thus sensibly the same by the two methods. 

On applying the ferricyanide: method to the blood of other animals 
besides the ox I found that 20 0.0. of water, followed by 2c.c. of 10% 
carbonate of soda solution, often gave a turbid solution. Even with 
twice as much water and half as much soda human blood, for instance, 
was turbid. I therefore determined to give up the use of sodium 
carbonate, and revert to ammonia, which I had originally used in the 
preliminary experiments. Ammonia, unlike caustic soda or potash, can 
be added to blood without decomposing the hemoglobin: nor does it 
cause any re-precipitation of laked corpuscles. On the other hand, 

even when its solutions are highly diluted they give off ammonia as gas 
at an appreciable tension; and it was for this reason that I at first 
discarded it in favour of soda. Evidently the first step was to 
ascertain whether it was possible to add sufficient ammonia to hold 
the carbonic acid, without at the same time causing errors from the 
presence of ammonia as gas. I found that when about the proportions 
recommended above were taken, and the mixing bottle closed in the 
usual way, there was not the slightest measurable alteration in the 
volume of the air in the bottle on shaking. Hence errors due to either 
carbonic acid or ammonia gas could be completely avoided. It remained 
to prove that the results with the ammonia solution were identical with 
those with sodium carbonate. Four successive determinations were 
accordingly made of the oxygen capacity of 20c.c. of fresh ox-blood, 
the ammonia and soda methods being alternately employed. The 
results were as follows: 


0.0. of oxygen 
| No. 1 415 
By ammonia method ee 3 418 
hod 2 4°17 


No. 4 418 


22—2 
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The two methods thus gave identical results. ‘ 

Further confirmation of the accuracy of the ferricyanide method is 
afforded by the fect that, as shown in a succeeding paper by Dr Lorrain 
Smith and myself, the results of comparative colorimetric determina- 
tions of hemoglobin in samples of blood from different animals give 
parallel results to those by the ferricyanide method. 

A possible source of serious error in blood-gas determinations is the 
presence of bacteria in the blood; and it is necessary to the attainment 
of an accurate result with the ferricyanide method that the blood should 
be collected in a cleanly manner, and kept in ice, or at a low temperature, 
unless the determinations can be made at once. The presence of bacteria 
in sufficient numbers to vitiate an analysis can easily be detected by the 
fact that on continuing the shaking the volume of gas begins to diminish 
again after the maximum has been reached. If the blood is fresh the 
reading should remain the same for ten minutes or more. When this 
is not the case the results are appreciably lower than by the pump, and 
until I realised the importance of keeping the blood free from bacteria 
I was inclined to suspect that some substance which absorbs oxygen is 
formed during the reaction. The following are samples of results 
(obtained with sodium carbonate) in which the blood, though not 
showing any of the ordinary signs of putrefaction, was not sufficiently 
fresh to give a constant reading of the burette by the ferricyanide 
method. In No. 3, for instance, the oxygen was observed to be 
disappearing at a rate of about ‘05c.c. in 15 minutes. 


Volumes of 9 100 volumes 

7 method — 
91-11 
No. 1. Oxalated ox-blood 21-70 4 20°95 
91-14 
No. 2. Oxalated sheep's blood 19-42 
19°70 
No, 8. Defibrinated sheep's blood 


There is little doubt that in these analyses not only the ferricyanide 
method, but also the pump, gave results which were somewhat too low: 
yet the error from the presence of bacteria was at any rate less by the 
pump. It seems probable that the high oxygen tension, and possibly 


also the alkaline reaction, prevailing in the liquid during the carrying 
out of the ferricyanide process hastens the disappearance of oxygen by 
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bacterial action. The time required for the ferricyanide process was 
less than that required for pumping, so that the low results by the 
former process could not be due to more time having elapsed since the 
blood was saturated with air. 

In blood or hemoglobin solutions containing bacteria the oxygen 
capacity could still be determined with ferricyanide by operating in 
the absence of oxygen, and with the blood saturated with carbonic 
oxide. 

In two recent papers v. Zeynek* and Hüfner“ have, independently 
of my own work on the subject, described the action of ferricyanide and 
other substances in liberating oxygen from oxyhemoglobin. They found 
that the oxygen liberated by ferricyanide was distinctly less (about 
13 °/, in the best experiments) than that calculated as being present 
in oxyhemoglobin from determinations with the spectro-photometer. 
The evidence brought forward in this and my previous paper shows, 
however, that the whole of the oxygen is undoubtedly liberated. Most 
of v. Zeynek’s results were evidently too low on account of the 
presence of bacteria in the solutions used. In Hüfner's later 
experiments, however, fresh solutions were used, and the results, 
though much better, were still apparently too low. Hiifner bases 
his spectro-photometric results on the hypothesis that one gramme of 
oxyhemoglobin yields 1°34 c. c. of oxygen. It appears to me, however, 
that the evidence in support of this hypothesis is far from satisfactory. 
His original data“ gave an average of 1:26 Cc. of carbonic oxide per 
gramme of hemoglobin, the results of individual experiments varying 
by as much as 10% from one another, To obtain the corrected figure 
of 1°34.c.c, (which, assuming that Zinoffsky's and Jacquet's deter- 
minations of iron are correct, gives a ratio of 1 atom of iron to 2 of 
oxygen) he makes two assumptions. The first is that carbonic oxide 
at a tension of about 500 mm. does not saturate hemoglobin to more 
than about 93 %, while at a tension of about 700 mm. the saturation 
becomes complete. This assumption is inadmissible in view of what is 
now known as to the very powerful affinity of carbonic oxide for 
hemoglobin‘, Moreover, as the dissociation curve of CO-hzmoglobin 
is undoubtedly a rectangular hyperbola, even if we were to admit 
that the saturation is a good way from being complete at 500 mm. 
tension of carbonic oxide we should also have to admit that at 700 mm. 


1 Arch. f. (Anat. u.) Physiol. 1899, p. 460. 2 Ibid, 1899, p. 491. 
3 Ibid. 1894, p. 128. 
4 Haldane and Lorrain Smith. This 3 XXII. p. 258, 
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the incompleteness of saturation is nearly as great. His second 
assumption is that the coefficient of absorption of carbonic oxide 

in a 8 or 4°/, solution of hemoglobin, as deduced from his actual 
experiments, is incorrect, and that a value about 10% lower is correct. 
The hemoglobin solutions employed by Htifner were dilute, and 
consequently the correction needed on account of the coefficient of 
absorption of carbonic oxide amounted to as much as 50°/, of the 
result. The hypothetical correction introduced thus makes a con- 
siderable difference in the value obtained. It appears, at any rate, 
to be clear that the basis of Hüfner's determinations of the oxygen 
capacity of hemoglobin from spectro-photometric observations is 
“uncertain, and that this uncertainty may explain the apparent want 
of agreement between his results with ferricyanide and those with the 


spectro-photometer, — possibly there may also have been an error 
due to bacteria. 


CONCLUSION. 


When the fallacies due to incomplete laking of the blood, and 
to the presence of bacteria, are eliminated, the ferricyanide method 


of determining the oxygen capacity of the hemoglobin in blood gives 
exact results. 
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NOTE ON THE REGENERATION OF THE VAGUS 
NERVE. By IVOR LI. TUCKETT, Fellow of Trinity 
College, Cambridge. 


(From the Physiological Laboratory, Cambridge.) 


OBSERVATIONS on the regeneration of the vagus have not been 
numerous, It was known half-a-century ago that section of both vagi 
in the neck is rapidly fatal in mammals, death occurring in less than 
thirty hours. Thus Gluck’ in experiments on regeneration considered 
that he had obtained some vicarious return of function in a cut and 
sutured vagus after eleven days, because section of the other vagus 
was not followed by death before about eighty hours. Since then it 
bas been found that if the two vagi are cut at different times 
sufficiently distant, death does not necessarily result. On such facts 


. conclusions have been based with regard to the time taken by the 


various constituents of the vagus, such as the recurrent laryngeal 
fibres, to regenerate: but no direct experimental proof has been 
furnished. Thus Vaulair“ found in the dog that after section of one 
vagus an interval of eleven months was required before the other 
vagus could be cut with impunity. He concluded that the recurrent 
laryngeal fibres required about eleven months for regeneration. | 

There are, as far as I know, only two direct observations recorded. 
Langley“ cut in a kitten the vagus in the neck, and stimulated the 
peripheral end a year later, but did not obtain either slowing of the 
heart or contraction of the cwsophagus, although the peripheral end of 
the nerve contained numerous medullated fibres. In a rabbit‘ I did 
not find any regeneration of the cesophageal fibres of the vagus 
231 days after section of the nerve. 

It appears that no regenoration of the “autonomic” fibres of the 
i far been observed. In view of this I — three years 


1 Virchow's Archiv, uxxm. p. 624. 1878. 

2 Arch. f. Physiol. norm, et path. vi. p. 217. 1894. 
This Journal, 288. 1895. 

This Journal, XII. 297. 1896. 
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ago some observations on the regeneration of the vagus: but circum- 

stances prevented me from completing the experiments till quite 
recently, when I had only three animals still living. I give an account 
of these three experiments, as the results obtained are positive, and as 


I do not propose to pursue the research further. 


The experiments were made on rabbits. In Exps. I. and III. the 
vagus was crushed with a ligature on the left side about half an inch 
below the larynx. In Exp. II. the vagus was cut at a corresponding 
spot. The time allowed for regeneration was in Exp. I. 3 years 7 days; 
in Exp. II. 3 years 8 days; in Exp. III. 3 years 38 days. 

The vagus was cut just below the ganglion of the trunk, and the 
nerve stimulated above and below the point of the original lesion. 

In all three cases stimulation of the vagus peripherally of the lesion 
caused sharp contraction of the muscles of the larynx, and the con- 
traction as far as could be seen on superficial inspection was as good on 
the cut as on the uncut side. 

In all three cases also, stimulation of the vagus below the lesion 
caused contraction of the striated muscle of the cesophagus in Exp. III. 
the upper limit of contraction was about the lower end of the larynx, 
it was no longer obtained after section of the récurrent laryngeal nerve : 
the contraction however was not so strong as that produced by the nerve 
on the opposite side, and it differed in strength in the different experi- 
ments. It was weak in Exp. II., moderate in Exp. I., and good in 
Exp. III.; in the latter indeed not greatly less than on the opposite 
side. 

Inhibition of the heart recorded by a blood-pressure tracing—was 
obtained in two out of the three experiments (Exps. II. and III.). 
It was slight, though distinct in Exp. II.; good in Exp. III., although 
a stronger current was required to produce a cessation of the beat 
than was necessary with the nerve of the opposite side. 

The action of the regenerated nerve upon the unstriated muscle of 
the cesophagus and of the cardiac region of the stomach was noticed 
in Exp. III. only. After curari had been given to paralyse the 
striated muscle, stimulation of the regenerated nerve in the neck 
caused first a slight longitudinal contraction of the end of the wsophagus, 
and then a faint swelling of the end of the esophagus and of the cardia; 
this was followed when the stimulation had ceased by a weak contrac- 
tion of the cardia. The effect was markedly less than that obtained 
from the nerve of the opposite side. 

On tying a tube in the esophagus and making observations of the 
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: inhibitory fibres of the cardia by Langley’s manometer method?, it 


was found that stimulation of the regenerated vagus caused a quick 
fall of fluid in the manometer, showing a relaxation of the cardia, and a 
passage of fluid into the stomach. 

So far, I have spoken of the effects of stimulating the vagus below 
the point of lesion: a strict comparison of the relative effect of stimu- 
lating above and below the lesion was not made, but in Exp. III. 
inhibition of the heart was much more marked on stimulating below 
than on stimulating above the neurome: and in Exp. II. the utmost 
effect on the heart that was obtained by stimulating above the neurome 
was a slight slowing of the rate. The difference here is the reverse of 
that which has been described in the case of other nerves. It may be 
that failure to obtain cardiac inhibition in Exp. I. was due to the fact 
that in this experiment the nerve was stimulated only just below the 
point of the original lesion, and not quite low down in the neck as in 


the other two experiments. 


In Exp. III. the regenerated portion of the nerve was stimulated 
below the neurome while still intact. This caused at times increase of 
respiration, reflex body movements, and a rise of bloud-pressure. There 
had been then considerable regeneration of afferent nerve- fibres. 

Histologically the regenerated portion of the nerve below the point 
of injury was approximately normal, except that the medullated fibres 
stained less with osmic acid. 


Conclusions. 


I conclude from these observations that after section of the vagus 
all its fibres will in time recover their function: that the recovery of 
function of the fibres supplying striated muscle is more rapid and 
probably more complete than that of the fibres supplying cardiac or 
unstriated muscle: that the inhibitory fibres recover function at least 
as rapidly as the motor fibres: that the recovered function of the 
“autonomic” fibres is even at the end of three years less than normal, 
probably in consequence of a portion only of the fibres having reached 
their destination. 


It is my pleasant duty to express my gratitude for help given me by 
Dr Langley. 


1 This Journal, XXIII. 407. 1898. 
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ON THE SEPARATION OF A PURE ALBUMIN FROM 
EGG-WHITE. By F.GOWLAND HOPKINS, MA, MB, 
B.Sc., University Lecturer in Chemical Physiology. 


(From the Physiological Laboratory, Cambridge.) 


I. INTRODUCTORY. 


THE chemical study of animal proteids made one of its greatest 
advances when Hofmeister showed that under special conditions 
egg-albumins could be crystallised. When to this discovery was added 
the observation of Gürber showing that Hofmeister’s method of 
crystallization could be extended to certain serum-albumins, there 
became available for research representative proteid material obtainable 
in practicable quantities, and possessing some guarantee of purity. 
The work of the decade which has elapsed since these crystalline 
albumins became available for study cannot be said however to have 
defined the conditions necessary for obtaining a product with a just 


claim to actual chemical individuality. 


It is quite certain that more than one proteid i in egg-white remains 
unprecipitated after half-saturation with ammonium sulphate; and it is 
at least highly probable that on continued evaporation of the ammonium- 
sulphate-albumin mixture, in accordance with the original description 
of Hofmeister’s process, more than one crystalline albumin eventually 
separates. 

The well-known research of Bondzynski and Zoja' published in 


1894 offered strong grounds for believing this to be the case; these 


observers finding wide differences in the specific rotatory powers of 
different crystalline fractions—an indication of great — where 
proteids are concerned. 


1 Zeitsch. f. physiol, Chem. Xx. p. 1. 1894. 
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It will be convenient to give here certain of the data from Bondzynski and Zoja’s 
experiments; the figures in the following table relating to successive fractions from the 
same preparation of egg-white. The fractions are in the order of increasing solubility. 


No. of Specific 
fraction rotatory power Carbon Hydrogen Nitrogen Sulphur 
1 26° 0’ 52°83 % 7°18 15°47 1-614 
8 84° 18’ — — 
4 42°54’ 52˙07 6-98 15°29 1-693 


Professor Hofmeister, it is true, has not himself observed the 
occurrence in egg-white of crystallizable albumins of varying solubility, 
and is of opinion that Bondzynski and Zoja’s fractions were admixed 
to a greater or less degree with uncrystallized proteid’. 

In support of this contention he adduces the fact that crystalline 

material analysed by himself (and by F. N. Schulz) gave a lower 
percentage of sulphur (a mean of 1°18). But even in the case of their 
most soluble fraction, that showing the very high rotatory power of 
42° 54’, Bondzynski and Zoja observed that the product was wholly 
crystalline*; while as to the sulphur content, I venture to think 
that there are grave doubts if the chief crystallizable albumen of 
egg-white has a sulphur content so low as that found by Hofmeister 
Moreover T. B. Osborne“ has recently brought forward 
weighty evidence for the existence of more than one crystalline 
fraction; and I can myself speak to the extreme difficulty of obtaining 
with repeated recrystallizations by Hofmeister’s process (at least in its 
original form) a product of constant rotatory power. 
There remains therefore, as I have said, some considerable doubt as 
to the real chemical individuality of the egg-albumin hitherto employed 
for various lines of study; for when, as in several recent researches, 
crystalline products have formed the material employed, no guarantee 
of purity has been sought other than that of the crystallization 
itself. 


It will be admitted moreover that at the present time great 
uncertainty exists as to the real percentage of sulphur in egg- 


albumins. 

In the present paper a procedure is described by means of which an 
albumin is easily obtained from egg-white, in proportionately large 
amount, which offers what I think is satisfactory evidence of chemical 


1 Zeitsch f. physiol. Chem. xxtv. p. 166. 1898. 
2 loc. cit. p. 6. 
3 Journ. Amer. Chem. Soc. XXI. p. 477. 1899. 
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individuality. Special attention has been given to the rotatory power 
of the product, and to the percentage of sulphur contained in it. 
Nearly two years ago I described, in conjunction with S. N. Pinkus', 
a method of crystallizing albumins which, while involving no more than 
a slight modification of Hofmeister's process, replaced a very lengthy 
and somewhat uncertain procedure by one which is extraordinarily easy 
and rapid. 

This modification consisted in adding to the albumin solution when 
half-saturated with ammonium sulphate and filtered from the pre- 
cipitated globulins, etc., sufficient dilute acetic acid to produce a slight 
permanent precipitate. With perfectly fresh eggs the process of 
crystallization begins at once, and a large yield of crystalline albumin 
is obtained in a few hours; the separation is accelerated by occasional 
gentle disturbance of the mixture, but no concentration is necessary. 
When we described this method of crystallization we had given 
most attention to egg-albumin ; but it was remarked in our paper that 
the addition of the acid to serum albumin, at the same stage in the 
process greatly accelerated crystal formation; and we showed that it 
induced the process in dogs’ serum which had not before been 
crystallized. At the same time however we believed that crystallization 
could not be obtained by the acetic acid treatment so rapidly in 
serum as in egg-white, a view that I have since had occasion to 
modify. 

More than six months after our paper dealing with these facts had 


appeared in this Journal, H. T. Krieger“ described the use of . 2 


sulphuric acid in the crystallization of serum-albumin, showing that 
this acid used in a similar manner greatly increased the efficacy 
of Gürber's method. F. N. Schulz' states that in the crystallization 
of egg-albumin the use of sulphuric acid as employed by Krieger 
is to be preferred to acetic acid as recommended by us, though he does 
not say in what respect it is superior. Pinkus and I did not discover 
any such superiority at the time our original observations were 
made; and on carefully comparing the action of the two acids at the 
present time I am quite unable to discover wherein such superiority 
lies. Very various acids may be used. 

In place of acetic or sulphuric one may certainly employ—so far at 
least as the acquirement of a crystalline product is concerned— 


1 Hopkins and Pinkus. This Journal, xxim. p. 180. 1898. 
2 Krieger. Inaugural Dissertation, Strassburg, 1899. 
3 Zeitsch. f. physiol. Chem. xxix. p. 87. 1900. 
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either hydrochloric or nitric acid; and phosphoric acid gives equally 

If the egg-white used be from perfectly fresh eggs, and if the acid 
added be not too strong, and yet of such strength that the ammonium 
sulphate is not over-diluted (about normal strength is in most cases the 
best), and if at the same time it is added in each case to a point 
where a definite precipitate is first produced, the mixture being 
afterwards occasionally gently shaken or stirred—crystallization will 
then prove about equally rapid with all the acids mentioned, and the 
ultimate yield of the product will be but little different. But it seems 
desirable—as it seemed originally to Pinkus and myself—in dealing 
with proteid material, to choose an organic rather than a mineral acid. 
Be this as it may, those who have had occasion to compare the 
exceedingly difficult task of preparing a first crop of crystals by 
evaporation of the alkaline mixture of Hofmeister’s original method, 
with the extreme ease of obtaining crystals in the acid condition, will . 
admit the importance of the modification first introduced by us. No 
better proof of the difficulties attending the original process could 
be adduced, than the fact that for many years after it was described 
the crystalline proteid was scarcely employed as material for research. 
In 1898, Hofmeister showed (loc. cit.) that a product can generally 
be obtained with rapidity if some crystals derived from a previous 
preparation be added to the mixture; then, for the first time, the 
crystalline albumin became really available material. But for the 
majority of workers this still leaves the necessity of preparing a 
preliminary supply of crystals, with the original difficulties attendant 
upon the task. By the simple device of adding acid, these difficulties 
are removed ; while at the same time the yield of the product is greatly 
improved. 

I ball now describe an application of the acetic acid method which 
I believe enables one to obtain quite easily a large yield of a well- 
characterised pure albumin. 


II. PREPARATION OF THE PURE ALBUMIN. 


One of the facts which first came to light on further acquaintance 
with the process as previously described was that there was no need to 
avoid the formation of even bulky precipitates on the addition of acid 
to the mixture of proteid and ammonium sulphate. Such precipitates, 
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though apparently amorphous at first, change with remarkable rapidity 
into a crystalline form, and that without going through any inter- 
mediate stage of the globules or spherules which are so familiar as 
precursors to the crystals in Hofmeister’s process. The crystals 
which form under these circumstances remain, it is true, of small 
size, and are, in the case of egg-albumin, acicular in form, so that they 
are seldom suitable for crystallographic studies; but their absolute 
purity and freedom from amorphous admixture is easily demonstrated 
under the microscope (4th obj. or its equivalent). | 

Taking advantage of the fact that the formation of amorphous 
precipitates is no hindrance .to crystal formation’ makes it easier to 
employ a definite excess of acid, and so to define better the conditions 
for separating a definite fraction while obtaining the maximum yield. 

The egg-white is beaten, as usual, to a froth? with exactly its own 


bulk of saturated ammonium sulphate solution. The mixture, having 


stood over-night, or, at least, for a few hours, is filtered from pre- 
cipitated proteid. The filtrate is now measured. Ten per cent. acetic 
acid (glacial acid diluted to ten times its bulk) is then very gradually 
added from a burette until a well-marked permanent precipitate first 
forms—a precipitate sufficient to make the mixture actually milky in 
appearance; not a mere opalescence, for which liberated gas-bubbles 
might be mistaken. The actual amount of acid required to produce 
such a precipitate will vary (chiefly because of the varying loss of 
ammonia which occurs when the mixture has previously stood in open 
vessels). The point corresponds roughly to an incipient acidity of the 


solution towards litmus; but the formation of the permanent pre- 


cipitate forms itself the best indicator. This stage being reached, a 
measured quantity of the acid is now added, over and above that 
required to produce the first precipitate; one cubic centimetre extra 
being added for each hundred cubic centimetres of the filtered mixture 
as originally measured. The whole contains therefore approximately 
one part per mille, of free acid. In carrying out this stage of the 
process when large quantities of material are to be dealt with, it is 


1 Amorphous precipitates, that is, produced at the stage of adding asid; a precipitate 
produced by excess of ammonium sulphate before acidification may remain obstinately 
amorphous. 


21 find that failures in the hands of some who first attempt the process are due 
merely to inefficient beating or whisking at this stage. It is absolutely necessary, as 
Hofmeister showed, to break up thoroughly the membranes contained in the egg- 
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best to note the amount of acid necessary for a measured half - litre 


of the mixture, and then to add a proportionate quantity to the 


Whole. 


The bulky precipitate thus produced is at first amorphous, but 
microscopical examination with a high power will show commencing 
crystallization within an hour or so; and, if the mixture be occasionally 
shaken, the amorphous precipitate will entirely give place to crystals 
within four or five hours, To obtain the full yield however the material 
should stand for 24 hours, the change in the original amorphous 
precipitate being complete some time before the whole product has 
crystallised from the solution. 

It is essential that the eggs employed should be as fresh as 
possible; not more than about a week old in summer, nor more than 
a fortnight in winter. 

The yield of the crystalline product should at this stage be at 
least 60 grammes per litre; with perfectly fresh eggs it is frequently 
more, 

To arrive at a product which, as I shall show, offers satisfactory 
evidence of being chemically pure, this first precipitate needs to be 
once, and once only, recrystallized. Its solutions may show some slight 
pigmentation ; and its rotatory power, though agreeing closely with 
that of the pure product, is apt to vary within small limits. 

It is filtered off, and washed twice or thrice with half-saturated 
ammonium sulphate solution containing 1 per mille. acetic acid. Re- 
dissolved in a minimal quantity of water (solutions containing from 
10 to 12 per cent, of proteid may be easily obtained), it is reprecipitated 
by the addition of a suitable quantity of ammonium sulphate solution. 
This should be added little by little, the mixture being meanwhile 


gently stirred or shaken, until a definite precipitate (not a mere cloud) 


remains; and then about 2 c.c. per litre are added in excess of this. 
The precipitate, as before, becomes rapidly crystalline and separation is 
complete in about 24 hours. At this stage slight mechanical disturb- 
ance from time to time is of especial use in accelerating the separation. 
I have frequently observed, in cases in which the process has appeared 
slower than usual, that slight shaking of the flask has been quickly 
followed by complete separation. On one occasion a solution of the 
product at this stage, to which ammonium sulphate had been added in 
quantity too small to produce any definite precipitate, remained, while 
undisturbed, practically clear for no less than three weeks. On then 
shaking the flask a bulky precipitate wholly composed of crystals 
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separated within an hour. The mixture behaved as a supersaturated 
solution. It should not be forgotten however that solutions of the 
crystalline albumin are especially prone to undergo mechanical coagu- 
lation, and should not be shaken with any violence. 

This second crystalline product is, as I have said, the material 
which I believe to be homogeneous and to consist of a pure proteid. 
If the amount of water used to dissolve the first precipitate has not 
been excessive, the yield will be 80 per cent. of the latter; that is, 
in general, about 50 grammes per litre of egg-white. Not infrequently 
it considerably exceeds this figure. 

On microscopical examination it is found to be quite unmixed with 
amorphous material, consisting as a rule of tyrosin-like aggregates of 
fine needles. Filtered off it is snow-white in colour, and its solutions 
are quite colourless. On fractionation by repeated recrystallizations, 


which may be carried out by adding ammonium sulphate to successive 


fresh solutions of the product, in a manner exactly similar to that just 
described, the rotatory power remains absolutely constant, and the 
content of sulphur in successive fractions, together with the other 
analytical figures, remain unchanged. 


III. ANALYTICAL METHODS, ETO. 


The albumin from four different supplies of eggs was crystallized 
by the process just described, and then once recrystallized. Starting in 
each case from this second crystalline product, which was itself ex- 
amined and analysed, four or five successive fractions were prepared ; 
the rotatory power of each being determined and a portion of each 
reserved and prepared for analysis. The white of a hundred eggs was 
employed on each occasion, and the yield at the second stage of 
crystallization was from 105 to 115 grammes of proteid. To secure 
efficient fractionation each successive product was filtered off and dealt 
with as soon as it became fully crystalline, without waiting for the 
whole to separate from solution, So treated, the first product ex- 
amined, after being thrice recrystallized, was reduced to 20 or 30 per 
cent. of its original quantity; otherwise 90 per cent. or more may 
separate afresh at each stage. 

Rotatory power. Preliminary experiments having shown that 
varying proportions of ammonium sulphate in solution had not the 
smallest effect upon the rotatory power of the proteid, this constant 
was determined in the solution obtained by dissolving the crystals 
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direct from the filter, without subsequent dialysis or other treatment. 
Such solutions may be slightly opalescent from mechanical coagulation, 
but can be filtered crystal-clear. In filtering solutions of the pure 
proteid at any stage it is necessary however that the neck of the funnel 
should nearly reach the surface of the filtrate, else mechanical coagula 
are apt to form. 

The estimations were made with a large Laurent’s polarimeter, 
reading to hundredths of a degree. All the observations were taken at 
temperatures of from 15° to 17°C. The solutions mostly contained as 
much as from 8 to 10 per cent. proteid, and being perfectly clear and 
pigment-free, permitted the use of a 4 decimetre tube, so that aye 
rotations were observed. 

To estimate the percentage of proteid in solution I employed 
Devoto’s method slightly modified. I am convinced that this when 
applied to the estimation of the pure albumin is susceptible of very 
great accuracy. I used it as follows: A quantity of the solution 
containing from 5 to 1:0 gramme proteid (in my experiments generally 
5 to 10 cc.) is measured from a standardised pipette into 100 c.c. of 
saturated ammonium sulphate solution and a few extra crystals of the 
salt added. The beaker containing the solution is covered with a clock 
glass and heated, well immersed in the steam from a water-bath, for 
2 hours, The coagulum is allowed to cool completely and is filtered 
cold through a hardened filter-paper. Washed back into the beaker 
with distilled water, it is again heated for half-an-hour, again cooled, 
filtered through the same paper, and finally washed with cold water 
until considerable quantities of the washings after concentration show 
no trace of sulphate upon adding barium chloride. The filtrate and 
successive washings should be tested by Heller’s test, which if the 
heating has been properly carried out will show no trace of proteid. 
The precipitate is always in a form which permits of easy washing from 
a hardened filter, and it is best to complete the determination by 
washing it into a weighed platinum dish, evaporating to dryness, drying 
at 110° and weighing. To attain to the ultimate accuracy of which 
the process is capable, it is not unimportant to use at the final stage 
an efficient drying apparatus such as a Lothar Meyer's air-bath. In 
an ordinary oven the last few milligrammes of water are lost with 
surprising slowness, and the drying involves an undesirably long 
exposure to the high temperature. I made duplicate determinations 
in every case, and these always agreed with great exactness’. 

1 To the extreme accuracy of which I have found the process capable, washing with 
cold rather than hot water appears to contribute. 

PH. xxv. 23 
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F. @. HOPKINS. 
It may not be out of place to discuss here certain considerations 


which may explain the superior accuracy of Devoto's process as a 


method: of estimation when compared with heat coagulation under 
other conditions. Haycraft and Duggen’ first called attention to 
the fact that a dilute solution of egg-white when quickly heated may 
form no true coagulum, but may become merely opalescent or milky. 
The condition thus assumed by the proteid has been recently studied 
from the physical standpoint by W. B. Hardy“, who shows that it is 
analogous to that assumed by silica when in so-called colloid aqueous 
solution—“ the heat by chemically altering the dissolved proteid has 
by a process of desolution, to use Lord Rayleigh’s word, produced a 
suspension of particles having an average diameter commensurable 
with the mean wave-length of light.” These suspended or dispersed 
particles are aggregated by the addition of electrolytes, and a pre- 
cipitate or coagulum may result. I have found that ammonium 
sulphate is very efficient in producing this aggregation when present 
to near saturation; and proteids in the condition just discussed yield a 
precipitate on saturation with this salt which is not again taken up in 
any form by water. Starke“ has shown that the material present in 
the opalescent fluid yielded by boiled egg-white is nearly all in the 
form of alkali albuminate; but the pure albumin itself though wholly 
free from associated alkali undoubtedly tends to undergo at least to a 
slight degree some analogous transformation, leading to incomplete 
coagulation on heating. The presence of the ammonium sulphate in 
Devoto's process either ensures aggregation of any part of the proteid 
which may assume this form of suspension, or what is more likely it 
inhibits the phenomenon. That the latter is more probable is sug- 
gested by a fact which I have observed, namely, that while ordinary 
heat coagula show some indications of chemical change, in that the 


percentage of sulphur contained in them is inconstant, a coagulum 


prepared as in Devoto's process yields exactly the same amount of 
sulphur as do alcohol coagula. 

Believing that really accurate estimations of proteid in solution are 
to be made by Devoto’s process, and having regard to the fact that the 
ammonium sulphate which adheres to the moist. crystals has certainly 
no influence upon the rotatory power, I am of opinion that the most 
accurate determination of the latter is to be made in the manner I 
have adopted. To get rid of the salt completely by dialysis, with the 

3 1 Brit. Med. Journ. p. 167. 1890. 


This Journal, xx1v. 182. 1899, and ibid. p. 288. 
3 Ref. in Jahrb. f. Thierchemie, xxv. p. 19. 1897. 
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aim of determining the percentage of proteid by simple evaporation, i is 
by no means an easy task. — 

Preparation for analysis. The analyses detailed in the next section 
were all made upon alcohol coagula. A portion of the clear aqueous 
solution of each fraction was poured into four or five times its bulk of 
absolute alcohol, allowed to stand three or four days, and the coagulum 
then washed with cold water until entirely free from sulphate. This 
washing, as all observers have found, is a lengthy process. My own 
procedure generally occupied three days, and was as follows: The 
coagulum was ground up in a mortar with alcohol, and then transferred 
to a large bulk of distilled water, which was kept in motion with a 
mechanical stirrer for an hour. The proteid was then allowed to settle, 
the greater part of the water poured off, and the precipitate filtered 
through fine cambric, and squeezed dry. It was then transferred to a 
fresh quantity of water, and the process many times repeated. To 
keep the substance aseptic, freshly boiled water was used, and the 
coagulum after squeezing through the cambric filter was occasionally 
soaked with absolute alcohol. Two or three litres of the final washings 
were concentrated to small bulk and tested with barium chloride. The 
coagulum when free from sulphate was washed with alcohol and ether, 
air-dried, and finally dried at 110°C. Some analyses were made upon 
heat coagula and others upon mechanical coagula. These are briefly 
referred to in a later section. 

After most of the analyses had been made, a method was contrived 
for washing the intact uncoagulated crystals free from sulphate; this is 
described below. 

_ Estimation of sulphur. This was carried out by the Asboth- 
Düring method. The materials used were carefully tested and 
proved free from sulphates. Quantities equal to those actually em- 
ployed in the analyses were dissolved in hydrochloric acid, and the 
solution digested for some hours on the water-bath, after the addition 
of barium chloride. Only after some trouble did I obtain sodium 
peroxide which yielded no trace of precipitate under these circum- 
stances. The fusions were carried out in nickel basins with a spirit- 
lamp burning pure alcohol and capable of giving sufficient heat to 
produce fluidity of the mixture. In some cases the estimations were 
checked by controls with Carius’ method, and good agreement 
obtained. It is — however to heat for some hours at tempera- 


a Diiinn, Zeitsch. f. physiol. Chem. XXII. p. 281. 
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tures over 300°; the proteid is refractory towards nitric acid, and many 
hours’ heating at about 240°—250° may yield little more than half the 
sulphur as sulphate. 

Nitrogen determinations were made by Dumas’ method. 


IV. REsvuLts or ANALYSES. 

The analytical data from which the following results were calculated 
are given in protocols at the end of the paper. All the fractions 
examined were entirely crystalline. 

Preparation A. The original crystalline precipitate (4) 88 
by the addition of acetic acid contained 125 grammes proteid (from 
100 eggs). It gave a rotatory power of 31°10° and contained 1°61 
per cent. sulphur. The amount of proteid in A4“ was 110 grammes. 


A? 100! 30°72° 52°63 718 15°43 1°58 — 
A’ 65 80°71 — — 16°41 1°58 — 
A‘ 42 80°68 — — — — 0-060 
As 26 80°73 52°82 721 15 1 "56 0°054 


8 B. The original precipitate B. contains 128 grammes 
proteid, and gave a rotatory power of 30°98°. B* contained 108 grammes, 


Percentage of B2 Specitic 
contained in 


No. of 
fraction later fractions power, Carbon Hydrogen Nitrogen Sulphur Ash 


B 100 80°76° 52°81 7°16 — 1°59 — 
30°70 — — 15°51 1°56 
B 52 30˙78 52°69 7°09 1°58 
BS 35 30°68 on — 15°45 1:54 0-060 


Preparation C. The first precipitate Oi was not analysed. 


later fractions power, ab Carbon Hydrogen Nitrogen Sulphur Ash 
02 100 80°67° — — 15°33 1°62 — 
cs 65 80°64 — — — 1°68 0-080 
GF. 80 80°57 52°63 7°13 15°53 1°55 0°068 


1 In calculating these percentages allowance bas of course heen made for the amount 
of each fraction employed for analysis. 
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Preparation D. The rotatory power of the first precipitate D. vas 
31.45˙. The amount from 100 eggs was 130 grammes. D. was 
115 grammes. 


No. of —— 


fraction later fractions power, aD Carbon Nitrogen Sulphur Ash 
100 30°75° 52°82 701 15°51 1°57 — 
Dé 52 * 80°71 — — — — — 
38 5075 52°66 15°41 1°51 0°053 


Taking together the results from all four preparations the following 
mean values are obtained: 


Rotatory power 30°70°. Nitrogen 15°43. 
Carbon 52°75. Sulphur 157. 
Hydrogen 712. Ash 0063. 


It will be seen that throughout the series very great constancy in 
the rotatory power was obtained, the agreement being very exact in the 
different preparations, and no less so in the successive fractions from 
each preparation. As I have said, the rotations could be observed with 
great accuracy owing to the clear colourless nature of the solutions, 
and there is no question that Devoto’s method, used as described, for 
determining the proteid in solution, gives very reliable results. The 
very striking constancy in this physical property observed after fraction- 
ation, offers strong evidence that the product is homogeneous. Apart 
from the estimations just given I have in the course of preparing the 
proteid for other purposes, made estimations of the rotatory power in 
product from eleven different supplies of eggs. In these fractionation 
was carried generally to the second stage, sometimes to the third. The 
extreme variations were from 30°51° to 30°75°—the mean was 30°61". 

T. B. Osborne! has prepared and analysed crystalline products from 
egg-albumin obtained by the acid process described by Pinkus and 
myself. For one preparation he employed acetic acid and for another 
hydrochloric acid. He found that the crystalline product separated 
more rapidly with the mineral acid, though the ultimate yield was 
somewhat larger with acetic (80 grammes from 1500 C. c. of egg-white). 
After separating the product produced by the original addition of the 
acid Osborne obtained three other fractions from the filtrates. The 
first of these in each case agreed very closely in properties with the 
original precipitate, the later ones showed higher rotatory power and 
a greater percentage of sulphur. The latest fractions (the fourth) were 
not crystalline however. 


2 loc. cit. 
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The first two fractions obtained by the use of acetic acid agree in 
all respects, save that of their content of ash, very closely with the 
product I have described; as will be seen on comparing Osborne’s 
figures with those given above: 


- Acetic acid I. Acetic acid II. 
(Osborne) (Osborne) 

Rotatory power 29°17° 29°238° 
Carbon 52°60 5261 
Hydrogen 7°02 6°94 
Nitrogen 15°54 15°76 
Sulphur 161 1612 
Ash 9087 


Osborne did not recrystallize these products before analysis, and 
this, as I have shown, is necessary to obtain a fully homogeneous 
preparation. Moreover the difference (which is not great) between 
his determinations of rotatory power and my own, is I think chiefly 
due to the different method adopted for determining the percentage 
of proteid in solution. Osborne evaporated the solution to dryness, 


weighed the residue, and deducted ash. This is doubtless preferable to 


any coagulation method if ammonium sulphate can be first completely 
got rid of; but to remove this efficiently takes so long that there is 
some danger of the proteid decomposing. Coagulation, with the 
precautions described above, yields I believe more reliable results. 
Moreover, I have myself on more than one occasion obtained a rotatory 
power of under 30° for products produced at the first stage of acidi- 
fication; though one recrystallization of these has always yielded 
material giving a rotation agreeing exactly with the figures of the 
above series. 

Taking these considerations into account the agreement between 
Osborne’s figures and my own is very satisfactory. Our analytical 
results differ however in a remarkable way from those published by 
Hofmeister and F. N. Schulz. 

Carbon Hydrogen Nitrogen Sulphur 


Hofmeister! 53°28 7°26 15°00 1:18 
Schulz? 52°26 7°40 15°19 1°23 


Hofmeister’s determinations were made upon crystalline material 
obtained without the use of acid. Schulz employed sulphuric acid in 


preparing his product. The mean of 1:18 as a value for the sulphur 
was calculated by the first of these observers from four determinations 


1 loc. cit. 
* Zeitsch. f. physiol. Chem. XXII. p. 88. 1900. 
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(101, 1°18, 1:24, 1°27; the last two determinations being made by 
Schulz, using the Asboth-Dtiring process). The mean of 1:23 Schulz 
obtained from two estimations (1:29, 1:18) made by Hammarsten’s 
method. 

I am unable to explain in any way this remarkable difference in the 
percentage of sulphur. It should be noted that Osborne has obtained 
a percentage of 170 from a crystalline product prepared in accordance 
with Hofmeister’s most recently described procedure (i.e. “sowing” the 
proteid and ammonium sulphate mixture with crystals previously 
obtained). By the same method I prepared a product in which I 
found 1-64 per cent. (without recrystallization) and 1°59 per cent. (after 
recrystallization). 

Notwithstanding the fact that the alcohol coagula upon which the 
analyses of my pure product were made were washed with extreme care, 
and although the figures for sulphur agreed satisfactorily with those 
of Osborne, and with those which Bondzynski and Zoja obtained 
from their less soluble fractions, one felt that in view of Hofmeister’s 
results (those of Schulz had not yet been published) a very rigorous 
proof was necessary that the higher results were not due to unremoved 
sulphate. Hofmeister’s suggestion that the higher percentages might 
originate from admixture with amorphous proteid (for the mixed 
albumins present in egg-white yield a percentage of sulphur which is 
undoubtedly higher: Hammarsten found 1°67—1°93) is certainly not 
applicable to the products analysed by me. Feeling that the question 
of sulphur-content could be better settled if an electrolyte, or mixture 
of electrolytes, other than sulphates, could be found, under the influence 
of which the proteid would crystallize, I have—doubtless in common 
with other observers—spent much time in an endeavour to find such. 
I have tried many and various salts in various combinations with 
different acids; but hitherto quite without success. There appears to 


be something highly specific in the influence of the ammonium sulphate 


of Hofmeister’s original discovery. But I eventually found a medium— 
one familiar enough to physiological chemists—by means of which the 
proteid crystals may be washed free from sulphate, while themselves 
remaining intact. This is saturated sodium chloride solution, containing 
acetic acid. 
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V. DATA OBTAINED AFTER WASHING THE INTACT AND 
UNCOAGULATED CRYSTALS FREE FROM SULPHATE. 


The pure egg-albumin described in this paper is wholly precipitated 


from its solution in an amorphous form by saturation with common 


salt and the subsequent addition of acetic acid. (The saturation 
however must be very complete, and the acid must reach a strength 
of nearly 1 percent. The solubility increases rapidly with even slight 
diminution in the amount of salt present.) The acid salt solution was 
therefore tried as a medium for washing the crystals free from sulphate, 


and with complete success. If distilled water be fully saturated with 


sodium chloride and contain 1 per cent. acid, the crystals remain quite 
unaltered when suspended in it, and retain their form perfectly during 
the somewhat prolonged treatment necessary for removing all the 
ammonium sulphate present. 


That the form and doubly refractive power are fully retained is 


better demonstrated upon large crystals obtained by slow crystallization 
of the albumin’; and best of all upon the large well-formed prisms 
obtainable from horse-serum (for these are equally well conserved in 
the medium). But even with the small acicular crystals which the 
egg-proteid yields in the process described in this paper the con- 
servation of form can be shown with high magnification; and the 
fine silky lustre of the erystalline precipitate which is seen when it is 
suspended in the medium and stirred, is still observable when the last 
trace of sulphate has been washed away. 

After this treatment the crystals remain fully soluble in water, and 
I find the rotatory power of the proteid to be quite unaltered. 

Solutions, however, containing only so much chloride as may be 
adherent to the crystals before they are dissolved, together with the 
corresponding trace of acetic acid, will grow opalescent upon standing 
and may even slowly precipitate to some degree, the precipitate being 
highly insoluble in water. I am unable to explain this phenomenon, 
but it is certainly not due to any chemical change occurring during 
the washing of the crystals. The solutions are at first perfectly clear, 
and the rotatory power, being then determined, is found, as I have 

1 Very large and well-formed crystals can frequently be obtained by the acid process 
as we originally described it, adding however only a minimal excess of acetic acid. The 
proportion of ammonium sulphate is for this purpose best increased to a little short of pre- 


cipitation point before adding the acid. The mixture should then remain undisturbed 
in a closed flask. 
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said, to be absolutely unaltered. Moreover, if later on, when some 
precipitate has formed, the solution be filtered, the proteid still con- 
tained in the clear filtrate again shows no change in rotatory power, 
and the whole may be again crystallized by means of ammonium 
sulphate in a perfectly typical manner, possessing then all its original 
properties, | 

If therefore a chemical and not a mere physical change is involved 
in the phenomenon in question, it certainly occurs only after solution, 
and the product separates part passu with its formation. It is the 
result apparently of some specific influence of the chloride, for if one 
adds to a solution of ordinary egg-albumin, which has undergone no 
preliminary treatment, common salt up to some 4 or 5 per cent., and 
then acid in an amount which under other circumstances has certainly 
no effect upon the proteid, this insoluble precipitate is slowly formed. 
If on the other hand the albumin be wholly thrown out of solution by 
saturation with the salt in the presence of 1 per cent. acid, the precipi- 
tate remains so far as I have observed indefinitely capable of being re- 
dissolved. 

Whatever may be the nature of the change, its occurrence does not 
detract in the least from the value of the method for washing the 
crystals, which quite certainly remain wholly unaltered during the 
treatment. 

The opportunity thus offered of washing the intact crystals per- 
fectly free from adherent sulphates is of value from two points of view. 

In the first place it yields an important method of checking the 
sulphur estimations made after washing coagula direct; as one may 
clearly be more certain of washing away the last traces of sulphate 
from a crystalline precipitate than from a coagulum. In the second 
place it offers the possibility of observing whether, when the adherent 
sulphate of the mother liquor of the crystals is fully removed, there 
remains any of the salt molecularly associated with the crystals, which, 
if present, we should expect to be dissociated from the proteid on 
solution. To this latter point I will return. 

Two distinct preparations of the pure proteid were made; the one 
(A) being recrystallized twice; the second (V) recrystallized once; 
ammonium sulphate being employed in the usual way. The crystalline 
precipitates (each containing about 10 grammes proteid) were collected 
at the pump upon fine platinum gauze and when well drained were 
transferred into about a litre of the acid sodium chloride solution 
(carefully saturated with the salt). After gentle stirring the crystals 


12 
} 
as 
* 
* 
j 
7 
2 
og 
7 
F. 
q 
2 
4 
| 
* 
* 
4 


322 F. G. HOPKINS. 


were allowed to settle for some hours, the supernatant fluid poured off, 


and the precipitate again collected on the gauze. This process was 


many times repeated; two or three washings being given after the 
stage when the liquid (diluted) ceased to show any trace of opalescenoe 


with barium chloride. 

The orystals, which were quite obviously intact in each case, were 
then dissolved in water, the solution filtered and a portion of it while 
still perfectly clear poured into alcohol. In the remainder the rotatory 
power was observed, and the percentage of proteid determined (vide 
protocols at end of paper). The solutions became slightly cloudy after 
standing for four hours. 

The alcohol-coagula were washed free from chlorides in exactly the 
same way as was employed to remove sulphates in the earlier ee 
ments, and received similar subsequent treatment. 

The following results were obtained from these two preparations : 


Carbon Hydrogen Sulphur 
M gave 3061“ 52°66 7°00 — 1°57 
N gave 80°67 52°71 699 15°41 155 


VI. Is AMMONIUM SULPHATE MOLECULARLY ASSOCIATED 
WITH THE PROTEID IN THE CRYSTALS? 


The alcohol used to coagulate the preparations described in the 
last section was concentrated nearly, but not quite to dryness; the 
copious aqueous washings of both coagula were concentrated to small 
bulk, and all the liquids were mixed. Finally the mixture was reduced 
by boiling down in a beaker to about } litre and acidified with HCl. 
There was now a very faint opalescence produced on the addition of 
barium chloride, On digesting for some hours on the water-bath a 
minute precipitate of barium sulphate separated, which was found to 


weigh 4 milligrammes, representing 2˙3 milligrammes of ammonium 


sulphate. The proteid contained in the two coagula taken together 
weighed 112 grammes; or there was roughly, 5000 of proteid to 1 of 
ammonium sulphate. As the molecular weight of the latter is 130, 
it seemed unlikely that the extremely small proportion found could 
be of significance in pointing to a molecular association with the 
proteid. 

I prepared however a further quantity of crystals and washed them 
with the acid salt solution (using for the preparation of this, carefully 
purified sodium chloride) some six or eight times after sulphates had 
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ceased to be detectable in the washings. The intact crystals were 
dissolved in water, poured into alcohol, and the washings of the 
coagulum treated as before. No trace of sulphate could be detected 
although the dried proteid weighed over 12 grammes, 

It may be that such results are not actually conclusive, and that 
associated ammonium sulphate might be removed from the crystal 
during treatment, without altering its more obvious optical characters. 
It is however very difficult to see what kind of evidence could be 
obtained with regard to this question other than the proof that 


washing may leave the form of the crystal intact and the proteid 


unaltered, and yet remove all sulphate. Such evidence appears to 
suggest very strongly that the proteid crystals are formed under the 
influence of the electrolyte, but not in association with it. 


VII. THE aAsH. 


There remains for consideration the not unimportant question of 
ash, the percentage of which in my preparations was surprisingly low. 
I early observed that quantities of material such as used for carbon 
combustions left no residue which could be weighed with certainty. 
After I had seen some estimation of ash by other observers, more 
particularly those by Osborne, who found as much as 0°87 per cent. 
in a crystalline product prepared with the use of acetic acid, my own 
results became a matter for surprise. I therefore made estimations 
upon large quantities of material—3 to 4 grammes (cf. protocol at 
end)—in the case of certain of the fractions which had been analysed. 
I was unable to do this upon all, as much of the material of each 
fraction had not been coagulated for analysis, but was employed for 
the preparation of bromine derivatives which were under study at the 
time. The estimations, which were all made upon later fractions, gave 
a mean of no more than 063 per cent. 

With so low a proportion as this it seemed probable that any 
molecular inorganic matter was as a matter of fact absent from the 
crystals, and that the small amount found was due to contamination. 
I recently prepared a quantity of the proteid for the special purpose of 
making a very careful estimation of ash. All my preparations had 
been made with very pure ammonium sulphate; and on this occasion 
I used distilled water specially prepared, for washing the coagula. The 
original product was recrystallized twice. 

Tien grammes were incinerated in a muffle furnace at low red heat; 
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the material being added to the platinum dish in small quantities at 


atime. When reduced to a small bulk the carbonaceous residue was 


transferred quantitatively to a weighed platinum boat, and burnt at 
a low red heat in a current of oxygen. The residue weighed 3˙2 milli- 
grammes only—a percentage of 032. 

One obtains therefore by the process described in this paper what 
is practically an ash-free product. The estimations were made of course 
upon coagula very thoroughly washed; but it seems exceedingly 
probable that the crystals themselves contain no molecular inorganic 
matter. 


VIII. ANALYSES OF HEAT- AND MECHANICAL-COAGULA. 


All the analyses hitherto detailed were made, as was stated, upon 
alcohol-coagula. It is almost, if not quite, essential to coagulate the 
proteid for analysis after crystallization by means of ammonium 
sulphate. Most workers have employed alcohol-coagula. If any 
chemical change is involved in coagulation by cold alcohol it is 
almost certainly one of simple dehydration, while heat coagulation 
may. certainly involve something more. 

I have made however partial analyses of heat-coagula, and of the 
highly interesting mechanical-coagula studied by Ramsden, to the 
formation of which egg-albumin is especially prone. I do not propose 
however to burden this paper with further analytical details, because 
such results as I have obtained in this connection do not bear upon the 
proof of the purity of the proteid. 

Of the heat coagula I need merely say that when the albumin in 
aqueous solution is coagulated at different temperatures, and even when a 
solution is poured directly into boiling water, the percentages of sulphur 
obtained do not apparently show the stable values shown by alcohol- 
coagula. In the case of a native solution of the proteid containing 
associated alkaline salts this would be expected. It is certain for 
instance that some albuminate is formed when dilute egg-white is 
boiled; and hydrogen sulphide is liberated when such a boiled solution 
is afterwards acidified: my experiments seem to indicate however that 
some loss of sulphur occurs on heating even when the por is quite 
free from associated alkali’. 


1 This is apparently not the case however when the proteid is precipitated before 
heating. When for instance excess of ammonium sulphate is added before the tem- 


with an alcohol-coagulum. 
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It seemed of more particular interest to compare the composition 
of a coagulum produced mechanically, with one derived by such a 
process as treatment with alcohol; if agreement was not obtained any 
differences found could hardly fail to be instructive. 

I obtained a highly satisfactory supply of mechanical-coagula by 
placing strong glass bottles containing the proteid solutions (whether 
they contained ammonium sulphate or not) in a ‘railway truck’ 
shaking apparatus, the yield being especially good when a few inches 
of play was allowed between the bottle and the padded ends of the 
truck. The sharp impacts which then occur during shaking seem 
greatly to favour coagulation. I have often obtained under these 
circumstances as much as 50 per cent. of the proteid in a wholly 
insoluble condition after four or five hours’ shaking. 

But on working with moderately large quantities of material, so 
that 8 to 10 grammes or more of coagulum are formed, the remarkable 
fact comes to light that sulphur is undoubtedly liberated, either as 
hydrogen sulphide or some other volatile sulphide, during the process 
of coagulation. If the vessel be allowed to stand until the froth has 
broken down, a lead paper suspended above the liquid containing the 
coagulum is immediately blackened, and the smell of sulphuretted 
hydrogen may be quite obvious. The result is of course not due to 
putrefactive changes. It may be obtained after a few hours’ shaking 
of perfectly fresh material and in the presence of antiseptics'. 

. The phenomenon is of no little interest as illustrating the instability 
of a sulphur combination in the molecule of egg-albumin; but I am at 
present quite unable to throw any light upon its relation to the process 
of mechanical coagulation. For, to my surprise, when determinations 
of sulphur came to be made upon the coagula, it was found to be 
practically identical with that of the alcohol-coagula, the lowest figure 
obtained from a mechanical-coagulum being 1°51 per cent., and the 
mean of four determinations was 154 per cent. It can scarcely be, 
therefore, that loss of sulphur is part of the coagulative process; but 
rather that a part of the proteid undergoes some secondary change, 
perhaps analogous to that occurring (under certain conditions) during 
heat coagulation. I have not determined the amount of sulphur given 
off in any case, nor have I been able to study the phenomenon any 
further. I originally prepared mechanical-coagula as material for 
analytical study which might supplement the data obtained from 


1 Dr Rameden in a private communication tells me that he has himself observed this 
phenomenon. 
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alcohol-coagula, in proof of the composition of the proteid; but the 
oceurrence of this liberation of sulphur and the obscurity of the process 
involved make the N unsuitable material for this purpose. 


IX. CONCLUDING REMARKS. 


To those accustomed to work only with materials which can be 
crystallized from pure solvents such methods as have hitherto proved 
applicable to proteids must appear cumbersome. It is likely however 
that a special technique will always prove necessary in dealing with 


most members of the proteid group; and that the absence of this has 


been one of the chief reasons for the delay in their study upon purely 
chemical lines. The great importance of Hofmeister’s discovery lies 
in the fact that it is probably destined to form a foundation for the 
elaboration of such a technique. The extraordinary ease with which 
crystals are obtained in the case of an egg-albumin and certain serum 
albumins, when the conditions are properly defined, offers a reasonable 
expectation that all members of the group may eventually be obtained 
pure, 

For the proof of chemical individuality in a proteid it is clear that 
constancy of empirical composition (if we except the datum of sulphur- 
content) is of little moment. Proteids that are undoubtedly different 
may vary in this respect only within limits which are commensurate 
with errors of analysis. In selecting some physical character, with 
regard to which a proof of constancy may be held to offer good 
evidence of purity, one is undoubtedly justified in choosing rotatory 
power. Not only does this vary greatly in proteids of different origin, 
but it is markedly affected in any instance by treatment which 
involves any degree of decomposition. 

In studying the product described in this paper it seemed desirable 
therefore to determine this factor upon each crystalline fraction ; and the 
great constancy obtained in the numerous analyses thus made, offers 
evidence of purity and for the stability of the product during treatment, 


which cannot, I think, be ignored. 


The temperature of heat coagulation I have not employed as a test 
of purity, finding it to vary largely with the amount of salt present. In 
products which have been prepared by the use of ammonium sulphate 
we have no method of removing the adherent salt (save by replacing 
it by another) except dialysis. I possessed no apparatus by which the 
sulphate could be thus efficiently removed, without long exposure under 
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conditions in which decomposition is to be feared. Moreover no evidence 
of value is to be obtained from an observation as to whether the proteid 
does or does not wholly separate from solution within a given range of 
temperature. This depends so entirely upon conditions, that a failure 
to separate completely in the absence of a certain minimum of an 
electrolyte—is certainly no proof of admixture.. The change of con- 
dition upon heating, which was discussed in an earlier section, will 
often account for part of the proteid not being aggregated by heat’. 

In determinations of rotatory power after crystallization with 
ammonium sulphate, it is of special convenience that the rotation 
can be observed, and the percentage of proteid determined, without 
removal of adherent salt, so that the constant can be determined for a 
crystalline product directly it is prepared. 

The percentage of sulphur—apart from its importance in the 
calculation of minimal values for molecular weight—is certainly of 
value as a test of purity. This again is a factor which varies greatly in 
different proteids, even of the same class, and it is easily affected by 
destructive treatment. 

It is greatly to be regretted that there exists such conflicting 
evidence with regard to its value in crystalline egg-albumin. In the 
numerous estimations made upon the product described in this paper 
which have led to the mean value of 1°57 per cent., the very greatest 
care was taken to ensure accuracy; and I think that the close 
agreement with this figure which was yielded by products from which 
all sulphate was removed prior to coagulation, gives important support 
to its correctness, The close agreement with Osborne’s results (1°61 per 
cent.)—of which I was wholly ignorant when most of my determinations 
were made—obtained from a product which differs from mine only 
(I venture to think) in being a little less pure“ is also confirmatory. 
The observations I have myself made, in connection with the work 
of this paper, do not necessarily indicate that more than one albumin 
capable of crystallization is present in egg-white—probable as I believe 
this to be from the work of others. If to the filtrates from the acetic 
acid precipitate which has formed the starting-point for my pre- 
parations, further ammonium sulphate be added, additional quantities 
of proteid separate, with a rotatory power which most certainly increases 
with the quantity of salt necessary for precipitation, Under these 
conditions of preparation however the later fractions do not crystallize 


1 Upon the behaviour of the crystalline albumin on heating cf. Osborne, loc. cit. 
2 I ought to say that Osborne in the paper quoted (loc, cit. June 1899) has stated his 
intention of studying the fractionated product. 
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with the ease of the first produet; and I have never obtained, even 
those which stand nearest to the acetic acid precipitate, absolutely free 
from some amorphous admixture, It is possible therefore that the rise 
of rotatory power is due tosuch admixture, and that the crystals present 
really belong to the proteid which is present nearly pure in the acetic 
acid precipitate itself. In this connection the large yield of the latter 
(under the conditions I have defined) must be remembered. It is 
certain that any crystalline material obtainable after its removal bears 
a very small proportion to the acetic acid precipitate itself. Whether 
the pure product has to be separated from other crystalline albumins, 
or only from amorphous proteid, the process described in this paper offers 
a means of attaining to purity with great ease, and of obtaining a highly | 
satisfactory yield of product. . 

The serum of the horse yields crystalline products under treatment 
similar to that described for the egg-proteid, and with no less ease and 


. rapidity. I was led to pursue the endeavour to separate a homogeneous 


product from the latter rather than from the former, because data 
obtained from a preliminary study suggested that the matter would 
prove easier. My experiments suggested that in the serum there are 
at least two crystallizable albumins (as found by Giirber himself), of 
which the solubilities lie nearer together than do those of the albumins 
of egg- white. I found it, at least, more difficult to arrive at a product 
with a rotatory power which was satisfactorily constant. It is certainly 
much more difficult to obtain products yielding solutions free from 
pigment. 

I did not, in my experiments, discover any important differences in 
the influence of sulphuric and acetic acid, respectively, upon the rate of 
crystallization. I may quote the following observations bearing upon 
this point: Ten per cent. acetic acid added to the albumins of three 
different specimens of horse-serum half-saturated, as usual, with 
ammonium sulphate up to the point of commencing precipitation, 
induced crystal formation, in all three, within one hour. Normal 
sulphuric acid had precisely the same effect; whereas addition of the 
more dilute acid used by Krieger (jth normal), owing, apparently, to 
the greater dilution involved in bringing the mixture to the requisite 
acidity, produced no crystals until after three hours. After 24 hours 
all the preparations were equally crystalline ; and the yield in each case 
was almost exactly the same. The crystals produced by the more 
dilute sulphuric acid were somewhat larger than those in the other 
preparations, 

In preparations from oxalate plasma obtained from the same three 
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animals, normal sulphuric acid brought about crystallization within 
two hours; ten per cent. acetic not producing the result till the 
preparations had stood over-night. But when to the albumin mixture 
from the oxalate plasma, extra ammonium sulphate solution was first 
added, up to a point just short of precipitation, the acetic acid, no less 
than the sulphuric, yielded a crystalline product in less than one hour. 
There is no doubt that the rapidity depends greatly upon conditions, 
and varies inter alia with the relative proportions of the salt and acid 
added. By a close study of such conditions it is likely that crystallization 
may be obtained in more refractory sera. 

One matter is worthy of notice here. In my experience the first 
product from serum, when acid (at least, acetic acid,) has been used, is 
never wholly crystalline, though upon recrystallization it always becomes 
so. But the slight amorphous admixture is not an albumin, but a 
phosphorus containing proteid (probably the nucleo-proteid) of the 
serum. It is left wholly undissolved upon solution of the crystalline 
albumin. I am at present studying this substance. 


SUMMARY. 


A procedure is described by means of which a crystalline albumin 
may be separated from egg-white, which upon repeated fractional 
crystallization shows absolute constancy of rotatory power (- 30°7°), 
and a constant proportion of sulphur. The product is obtained with 
great ease and rapidity, and the yield is 50 grammes and upwards 
per litre of egg-white. 

The albumin has the following percentage composition 

C5275, H712, N 15°43, 8157, O 23:13. 


It is obtained practically ash-free. 

It is shown that albumin crystals, obtained by the use of ammonium 
sulphate, may be washed wholly free from sulphate by means of a 
saturated sodium chloride solution containing 1 per cent. acetic acid ; 
the crystals meanwhile retaining their form and their solubility in 
water. 

The crystals being thus freed from adherent sulphate and dissolved 
in water, coagulation of the dissolved proteid liberates no further trace 
of sulphate, It is unlikely therefore that ammonium sulphate enters 
into the formation of the original crystal. 

In the last section some remarks will be found upon the crystalliza- 
tion of serum albumins. 


PH. XXV. 24 
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A? 0°1916 grm. gave CO, 3697 grm., H,O 1229 grm. 
01970 „ „ 26°5¢.c. moist N at 22°5° and 770 mm. 
4 02025 grm. gave 272 c.c. moist N at 26°5° and 765 mm. 
A® 0°2100 grm. gave CO, 4067 grm., HO 1363 grm. 
02800 „ „ C. c. moist N at 21° and 756 mm. 
02000 grm. gave CO, 3873 grm., H, 0 1289 grm. 
0°2100 grm. gave 286 C. 0. moist N at 21° and 760 mm. 
01985 grm. gave CO, 3885 grm., H,O 1266 grm. 
0°2020 grm. gave 273 C. 0. at 22°5° and 768 mm. 
0.2705 grm. gave 347 c. e. moist N at 18˙5 and 770 mm. 
0°1995 grm. gave CO, 3850 grm., H,O 1280 grm. 
02925 „ „ 0.0. moist N at 21° and 756 mm. 
0°2210 grm. gave CO, 4280 grm., H,O 1394 grm. 
0°2490 „ „ 984°2¢.c. moist N at 21° and 756 mm. 
0°2090 grm. gave CO, 4085 grm., H,O 1889 grm. | 
02008 „ „ 270 0. e. moist N at 22° and 769 mm. 
0°2221 grm. gave CO, 4288 grm., H,O 13899 grm. 
0°2145 grm. gave CO, 4146 grm., H,O 1349 grm. 
0°2200 „ „ 29°55 c.. moist N at 22° and 769 mm. 
Sulphur Estimations. 
A? 0°7165 grm. gave ‘0826 BaSO, 
45 0°6369 ” ” 0783 ” 


0°573 grm. gave 0676 BaSO, 
00654 „ „ 1102 „ 
„ „ 0802 ,, 
” "1140 
100 ” ” 1096 ” 
” ” 0914 
1001 ” ” “1130 


888222 


Estimation of Ash. 5 
A* 8°00 grms. gave 0°0018 ash C 8°50 grms. gave 0°0028 ash 
AS 3°00 150 00016 ” cs 8°50 ” ” 00024 ” 
B 4°00 77 0°0024 57 D 3°00 0°0016 ” 


| Analytical Data. 
Rotatory Power, 
4 tbe solu 4 take in solution 

A? 11°06° 8°984 9°020 
At 13°12 10°648 10°98 8-960 
A‘ 9°88 8°050 cs 18°72 11°220 
AS 11°47 9°323 D 8°19 6°660 
B 8°22 6°680 D 13°02 10°600 
B 8°51 6-936 D* 8°22 6-668 
B. 6°65 5°408 M 6°60 5˙390 
B 8°44 6°877 N 5 98 4°874 
02 13°04 10°630 

Combustions. 
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THE MASS AND OXYGEN CAPACITY OF THE BLOOD 
IN MAN. By JOHN HALDANE, M. D., F. RS., Axp 
J. LORRAIN SMITH, M.D. (One Figure in the Text.) 


(From the Pathological Laboratory, Queen's College, Belfast.) 


ACCORDING to commonly accepted estiniates the weight of the blood in 
man is about jth or th; i.. 8% of the body-weight. We noticed 
that it was very difficult to reconcile this estimate with the observed 
rate at which the hemoglobin of the blood becomes saturated with 
carbonic oxide when a given small percentage of this gas is continu- 
ously breathed. As pointed out by us in previous papers the carbonic 
oxide can only be absorbed in virtue of its tension in the alveolar air 
exceeding its tension in the blood leaving the alveoli. During the 
gradual absorption of the carbonic oxide this difference in tension 
becomes less and less, so that a less and less proportion of the carbonic 
oxide in the air breathed is absorbed. . When, however, we calculated 
from the observed saturation of the blood the amount of carbonic oxide. 
which must have been actually absorbed in our experiments“, on the 
supposition that the weight of the blood was about th of the body 
weight, we found it necessary to make the impossible assumption that 
almost the whole of the carbonic oxide inspired had been absorbed up 
to the point at which further absorption ceased. 

It was thus pretty evident that the estimate of the mass of the 
blood as jth of the body-weight was a good deal too high; and as a 
knowledge of the mass and oxygen capacity of the blood in man, and 
the possession of a practicable means of estimating them, are of much 
importance in relation to a number of physiological and pathological 
questions, we were led to undertake the present investigation. 

It is evident that by administering a known volume of carbonic 


oxide and then determining by the carmine method the percentage to 


which the hemoglobin has become saturated with carbonic oxide we 
can estimate the volume of carbonic oxide capable of being taken up 


1 This Journal, xx. p. 507. 1896. 
PH. xxv. 25 
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by the whole of the blood: also that if we determine at the same time 
the volume of carbonic oxide (or, what is exactly the same, the volume 
of oxygen) capable of being taken up by 100 grammes of blood we can 
calculate the total mass of blood in the body. This is the principle of 
the method we have employed. The administration of carbonic oxide 
has previously been used by Gréhant and Quinquaud’ for the deter- 
mination of the volume of the blood in dogs. 


Determination of the Percentage Oxygen Capacity of Human Blood. 


Before the carbonic oxide was administered to the subject of the 
experiment we determined in the following manner the percentage 
oxygen capacity of the blood—i.e. the volume of oxygen (or carbonic — 
oxide) capable of being taken up in combination by the hemoglobin of 
100 c.c. of the blood. The oxygen capacity of a sample of fresh ox- 
blood was first accurately determined by the ferricyanide method“. 
The ox-blood was then compared colorimetrically with blood obtained 
in the ordinary way by means of a hemoglobinometer needle from the 
finger of the subject of the experiment, and the oxygen capacity of the 
latter blood calculated from the result of the comparison. Care was 
taken not to obstruct the circulation in taking the sample, as it is well 
known that this causes outflow of liquid from the capillaries. Blood 
obtained by the ordinary method of venesection is, for instance, more 
concentrated than normal blood. 

The colorimetric method used was the following. A few c.c. of a 
freshly made 1% solution of the standardised ox-blood were placed in 
one of two test-tubes of about equal diameter and either dried or 
rinsed with the blood solution. Into the other test-tube two or three 
c. . of water were measured from a burette. A definite volume of the 
ox-blood (about ‘05 c.c.) was then measured off in a capillary pipette, 
which had been carefully cleaned and dried beforehand, and was 


1 Journal de anat. et de la physiol., 1882, p. 564. Their method was first to 
determine with the pump the oxygen capacity of a sample of blood from an artery, then 
to give the animal a known volume of carbonic oxide, afterwards determine the oxygen 
capacity again, and calculate the total volume of the blood from the diminution found as 
compared with the volume of carbonic oxide absorbed. The results were practically the 
same as by the older method of Welcker. 

* This Journal, xxv. p. 295. 1900. 

3 In the presence of bacteria and oxygen a solution of blood soon loses part of its 
hemoglobin, although no methemoglobin or other bands may become visible. The 
product formed has a colouring power much inferior to that of oxyhwmoglobin, so that 
the solution appears to have become weaker. 
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accurately filled to a mark. This blood was expelled into the water 
in the test-tube, and washed out with the water. Water was now 
cautiously added from the burette until the tints of the solutions in 
the two test-tubes became equal. The points at which there was 
just too little, and just too much water were noted, and the mean 
taken as the correct result. In comparing the tints the test-tubes 
were held against the light from the sky; or against an opal globe 
round an incandescent gas-burner, although with the latter illumination 
the point of equality could not be quite so sharply determined. 
During the comparison the two tubes were repeatedly transposed, 
as unless this was done very appreciable errors were possible, parti- 
cularly with light from a window. The results were exceedingly 
sharp, it being easy to determine the quantity of water needed to 
within 05 C. c., i. e. to within 1% of the quantity measured. A similar 
determination was now made in the same test-tube, and against the 
same solution of ox-blood, with the same quantity of blood taken 
immediately from a prick of the finger. A comparison was thus 
obtained of the colouring power of the ox-blood and the human blood. 
The accuracy of this comparison was evidently in no way dependent on 
the exact equality in diameter of the test-tubes, or the exact capacity 
of the capillary pipette. All that was needed was that the same 
quantities of ox-blood and human blood should be taken, and the 
whole operation carried out in the same way in both cases. 

The following are the notes of the readings of the burette in a 
determination of the same blood, first by day-light and then by gas- 


light. 


By day-light. By gas-light. 

60c.c, of water not quite enough ~ 6°0c.c, of water not quite enough 
61 „ ” ” ” Gi „ ” right 

6˙2 99 ” right 6˙2 ” ” ” 

63 „ ” ” 63 „ ” ” 

6˙4 slightly too much 6°4 ” ” 

„ ” ” ” 66 „ „ Slightly too much 

Mean 6°25 0. 0. Mean 6°25 0. o. 


The following series of successive determinations, first of a sample 
of ox-blood, and then of human blood, taken at intervals of a few 
minutes from pricks of the fingers of the same subject, will afford an 

idea of the exactitude of the method. 
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Oz-blood Human blood 
6˙2 0. o. 1. . 
6-25 } BS Gas-light 
8. 6°45 


6°25 
6˙2 Gas-light 
62 


We believe that the simple colorimetric method just described is 
superior in every way to those in which various kinds of special appa- 
ratus are employed. In an apparatus in a fixed position there may be 
serious errors due to differences in the excitability of the two parts of 
the retina on which the two images under comparison fall. These 
differences of excitability are evidently due to differences in the 
amount and quality of the light falling on neighbouring parts of the 
retina. Thus when the tints are really equal the tubes may look 


unequal, the apparent inequality being, however, in the other direction 


when they are transposed. This commonly affects not merely the 
depth, but also the quality of the tints. Errors of such a kind are 
avoided by repeatedly transposing the tubes during the comparisons. 
In those forms of apparatus in which an artificial colour standard is 
used there are additional sources of error, even when some one kind of 
artificial light is employed. 


The question now arises whether differences in the colouring power 


of different samples of blood, particularly from different species of 
animals, really indicate corresponding differences in their respective 
oxygen capacities’. It certainly does not necessarily follow that this 
is so; and we therefore made a series of experiments in which the 
oxygen capacity as determined by the ferricyanide method was com- 
pared in different samples of blood with the colouring power. The 1°/, 
solution of blood placed in the first test-tube in each series of tests was 


1 We have taken for granted that, as is generally held by physiologists, apart from 
the small quantity of oxygen in simple solution in the blood, the whole of the oxygen 
which can be pumped out is combined in the form of oxyhemoglobin. This has been 
doubted by Siegfried, but on insufficient grounds, as was clearly pointed out by Hüfner 
(Arch. f. (Anat. u.) Physiol., 1894, p. 140), whose criticiams we can confirm from 
independent observations. More recently Biernacki (Zeitschr. f. Hin. Medicin, XXII. 
pp. 1 and 279, 1897, and xxxiI. p. 31, 1897) has published a large number of blood-gas 
determinations, from which he seeks to show that the oxygen capacity of blood does not 
depend merely upon the hemoglobin present. He brings forward, however, no satisfactory 
evidence of any kind as to the correctness of his analyses. To take an extreme instance 
he found (loc. cit., p. 37), that a sample of defibrinated blood saturated with air gave, nine 
hours after being collected, 2°85 % of oxygen, and two days later 1872 %. Results such 
as this certainly suggest that his methods were quite unreliable, 
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always freshly made from the same sample of blood, which was kept 
corked up. From the average results obtained in each series the 
oxygen capacity corresponding to the number of c.c. of water requiring 
to be added to each sample of blood was calculated, and the results are 
given in the following table. In measuring off the blood with the 
capillary pipette care was of course always taken to first mix the blood 
thoroughly, so as to avoid error from sinkage of the corpuscles. The 
blood used was partly defibrinated and partly oxalated. 


Oxygen capacity per 100 c.c. 
— — 
By By 
* colorimetric result by 
Ox blood 1851 138˙42 
1505 15˙53 +19 
” 15°04 15°17 +0°9 
Horse’s blood 18°37 18°39 —0˙1 
19-75 
Ox blood } 19°82 —-20-00 +09 
Series ” 4 18°94 18°94 +00 
No. 2 it 
„„ 2 | Rabbit's hg 14.55 149 1458 
17-44 
blood 17.0 -08 
21.50 
( OF blood 1180 143 —0•4 
No. 8 1616 -0%6 
Human blood 21°08* 21°27 +0°9 


* In this case the determination was made with the blood-pump. Satisfactory 
determinations eould not be made with the ferricyanide method, as on adding the 
ferricyanide the laked blood became turbid from reprecipitation of blood-corpuscles, and 
oxyhsmoglobin was found to be still present at the end of the determination. The 
results obtained under these circumstances were from 6 to 11% too low. 


Allowing for a known margin of error of about 0°5°/, in the 
ferricyanide determinations and 1% in the colorimetric determinations, 
these results afford very satisfactory evidence that the oxygen capacity 
varies with the colouring power in different samples of blood. It is 
therefore possible to determine the oxygen capacities of different 
samples of blood by comparing them colorimetrically with a sample of 
known oxygen capacity. The agreement in the above series would 
probably have been still closer had we made more than one determina- 
tion in the case of all the samples. 

Several recent observers have found—in this respect confirming the 
previous work of Bohr—that the oxygen capacities as determined by 
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the pump do not run parallel to spectro-photometric determinations of 
the colouring power of the hemoglobin. Thus Kraus, Kossler, and 
Schultz’ by combining the results of the two methods obtained 
oxygen capacities varying from 91 to 1°97 c. per gramme of estimated 
hemoglobin. De Saint Martin’, who used a very exact method of 
extracting and measuring the oxygen, found that the oxygen capacities 
of different samples of normal ox-blood did not vary with the hemo- 
globin percentages as determined by the spectro-photometer. In four 
determinations he found 1°70, 1°23, 1°41, and 110cc. of oxygen 
per gramme of hemoglobin. Our own results by the colorimetric 
method certainly give no indication of the existence of variations such 
as these, which are also different from the results of Hiifner with the 
spectro-photometer. We are not in a position to offer any criticisms 
from personal experience of the spectro-photometer method of deter- 
mining the colouring power of hemoglobin, but there appear to be 
considerable possibilities of very serious error with this method, and it 
seems desirable that those who employ it should compare their results 
with those obtained by the ordinary colorimetric method, as to the 
reliability of which for comparative determinations there can exist no 
doubt. | 


Determination of the Total Oxygen Capacity and Mass of the 
Blood in Man. 


In determining the total oxygen capacity, or what is the same, the 
total carbonic oxide capacity, of the blood in Man we administered to 
the subject of the experiment a known volume of carbonic oxide by 


means of the apparatus shown in section in the accompanying figure. 
The subject breathed through a mouth-piece A and 4 inch rubber tube 


into a bladder or small india-rubber bag B of one to two litres capacity. 
Between the bag and mouth-piece there was interposed a cylindrical 
vessel containing soda-lime to absorb carbonic acid. This vessel was 
made of tinned iron, and consisted, as shown, of two pieces, the outer 
of which slid over the inner, the junction being made air-tight with 
modeller’s wax. The soda-lime was kept in position by two pieces of 
wire-gauze, one of which was pushed into the end of the inner vessel, 
and the other into the end of the outer vessel. The soda-lime, which 
was made and granulated in the manner described in this Journal, XIII. 


1 Arch. f. exper, Pathol., xv. p. 323. 1899. 
Nouvelles recherches sur le pouvoir absorbant du sang,” Chartres, 1899. 
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p. 422, was placed in the inner vessel, and the outer vessel was then 
_ slid on and made air-tight. The resistance to breathing through the 

apparatus was scarcely appreciable. Oxygen was supplied to the bag 
from an iron cylinder through the tube C. The amount required could 


| 


| 


be gauged with sufficient accuracy by the distention of the bag. The 
oxygen was allowed to bubble through a test-tube of water in order to 
make it possible to judge of the rate at which it was being supplied. 
The narrow graduated cylinder D was filled under water with 
carbonic oxide before being placed in position. Just before the expe- 
riment some of the carbonic oxide was by turning the water-tap E 
driven out through the test-tube and 3-way tap F to the outside. In 
this way all the air was expelled up to the 3-way tap. The oxygen 
was then turned on for a moment to displace carbonic oxide from 
the rubber tubing, which was afterwards connected with the T-tube 
attached to the bag. The height of the water in the cylinder was now 
accurately read off, and the temperature of the cylinder and atmospheric 
pressure noted. The subject of the experiment then began to breathe 
from the bag, oxygen being supplied as required. The required volume 
of carbonic oxide was gradually driven in from the measuring cylinder, 
about 30 0.0. every two minutes. After the whole of the required 
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quantity had been driven in and washed forward by the oxygen an 


interval of two or three minutes was allowed to elapse. After this 


a drop of blood was taken for analysis. In nearly all our experiments 
we took another drop two or three minutes later for a second analysis, 
but we did not find that there was any appreciable difference in the 
results. The carbonic oxide must thus become evenly distributed in 
the blood very rapidly. The percentage saturation of the hemoglobin 
with carbonic oxide was determined with carmine colorimetrically as 
described in this Journal, XXII. p. 232. 

To make sure that practically the whole of the carbonic oxide was 
absorbed from the bag the latter was clamped off after the last sample 
was taken, and a sample of the air in it analysed for carbonic oxide 
with a platinum spiral and finely graduated burette as described in 
this Journal, XXII. p. 475. The analyses showed that the absorption 
had been practically complete, less than 05% of carbonic oxide re- 
maining unabsorbed. Finally an analysis was made of the carbonic 
oxide contained in the graduated cylinder. This always contained a 
little air, so that an analysis was necessary. The volume delivered 
of dry carbonic oxide, reduced to 0° and 760 mm. was then calculated. 
From this volume, and the percentage saturation of the blood, the 
volume of carbonic oxide or oxygen capable of being taken up by | 
the whole of the blood was calculated. Thus supposing that the 
corrected volume of carbonic oxide delivered was 150c.c., and the 
saturation 250 ½, the oxygen capacity of the total blood was evidently 
150 x 492 = 600 c. c. 

From the total and percentage oxygen capacities of the blood the 
total volume is easily calculated. Thus supposing the total oxygen 
capacity to be 600 c.c. and the percentage oxygen capacity to be 20°0, 
the total volume would be 600 x = 3000 cc. To obtain the total 
mass in grammes from the total volume we have multiplied by 1°055, 
the mean specific gravity of human blood. In the above example the 
total mass would be 3000 x 1055 = 3165 grammes. 

As regards possible sources of error in the method, it seems evident, 
in the first place, that the results cannot be too low. The whole of 
the hemoglobin of the blood is undoubtedly saturated to a certain 
percentage with carbonic oxide, and the blood, as shown by the deter- 
minations in the last table, absorbs a definite volume of carbonic oxide 
or oxygen when saturation is complete. It follows that the maximum 
possible volume of the blood is that actually calculated. A larger 
volume is impossible. It is conceivable, however, that the volume 
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calculated might be too low. It might, in the first place, be suspected 
that some of the carbonic oxide absorbed passes out through the 
capillaries in simple solution into the tissues. That a slight loss of this 
kind occurs there can be no doubt, but the amount of the loss must be 
quite inappreciable. The tension of the carbonic oxide in the arterial 
blood is about 02% of an atmosphere, and in the blood of the 
capillaries and veins only a fraction of this. Even on the extreme 
assumption that the whole of the body were saturated at a tension 
of 02 % of carbonic oxide, and were capable of dissolving as much 
carbonic oxide as an equal volume of water, the loss would only be 
03 ec. Another conceivable source of error is oxidation of carbonic 
oxide in the body. We have shown in previous papers', however, that 
there is no such loss. A further possible source of appreciable error is 
the presence of hemoglobin in the muscles. This hemoglobin will 
take up carbonic oxide, and thus cause the estimate of the mass of the 
blood to be too high. The error so caused is, however, small. It was 
determined directly in the case of several mammals by Gscheidlen’, 
and found to amount to not more than about a twentieth of the mass 
of the blood. We have therefore left it out of account; and it is like- 
wise neglected in nearly all the previous experiments on the mass of 
the blood. 

The possible errors in the measurement and analysis of the carbonic 
oxide administered to the subject of the experiment are exceedingly 
‘trifling. In the determination of the percentage saturation of the blood 
with carbonic oxide there was, however, a possible error of about 1 97 
As the blood was usually about 20 to 25% saturated this would mean 
a margin of error of nearly 5% in the determination of the mass of 
the blood. Probably the total margin of error does not exceed 6 °/,, 
neglecting any error caused by the hemoglobin of the muscles. 

Further confirmation of the accuracy of the carbonic oxide method 
of determining the mass of the blood is afforded by the agreement 
between Gréhant and Quinquaud’s results, referred to above, and 
those of other observers by Welcker’s method on the dog. 

The following table contains the results of a series of determinations — 
on normal individuals, nearly all of whom were students or practitioners 
of medicine working in the Laboratory. 


1 This Journal, xx. 514. 1896; xxv. 225. 1900. | 
2 Unters. aus dem physiol. Laboratorium in Wurzburg, 11. p. 154. 1869. 
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\ 


co Percentage oxygen a Total wei of blood 

Name 760 min. with CO ince. in ce. grammes clothes body weight Body weight 
1. J. 8. H. 160 14324 666 198 3500 77-7 451 
2. J. L. 8. (½ 126 17 8 560 209 2880 715 895 78 
3. J. L. 8. (% 128 212% 506 20 3100 42 81 
5. T. H. 123 2 1 582 18˙0 2960 687 465 3835 
6. R. M. B. 116 189100 614 187 3455 729 474 84 
7. T. V. 125 99-2 539 183 3110 582 634 “98 
„% RA in 698 164 8845 706 85 
9. 130 999 568 187 3210 763 421 74 
10. G. (1/00) 127 188 675 160 4450 710 627 5 
11. G. (8/00) 128 1931195 681 194 870 720 514 ‘95 
12. R. 180°5 186 702 169 4980 848 520 83. 
18, D 116 10 811 182 2970 890 3834 57 
14. F 129 te 4 603 170 8720 700 582 86 
Average 599 (185 3497 478 88 


It will be seen from the table that the ratio between the weight of 
3°34 6°27 
the blood and that of the body varies from ~~~ (50) to (16 6) 


100 100 
the average being 55 Ge 111) Case no. 13, in which the ratio was 


gyth, was that of an individual who was specially selected as being 
very fat. As might have been anticipated his ratio of both blood- 


weight and oxygen capacity to body-weight were much below the 


average. If, however, the probable extra weight of fat were deducted 


from the body-weight both ratios would be about normal. Excluding 
this exceptional case, the ratio of blood-weight to body-weight only 


3°95 / 1 6°27 /1 £88 
varies between 100 (ssa) and 100 (6 , the average being 100 


(35 . The corresponding ratio of blood-volume in litres to body- 
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wah in kilos is tend j 1 The amount of the blood in man is 


thus considerably less than it has usually been estimated to be. 

The current estimate is partly based on determinations in the dog, 
and partly on two determinations by Bischoff in condemned criminals. 
The criminals were weighed just before being guillotined, and the head 
and body weighed afterwards when brought to the dissecting room. 
The amount of blood lost was thus calculated. The blood vessels were 
then washed out, and the whole of the tissues minced up and extracted 
with water till they were free of hemoglobin. The amount of blood in 
the washings and extract was then determined colorimetrically by 
comparison with a sample of blood collected and defibrinated by the 
executioner. The ratio of blood-weight to body-weight was found to 
be and in the two experiments. About Iths to of the 
blood escaped from the vessels before they were washed out. A 
possible source of fallacy in these experiments is that during bleeding 
liquid may be absorbed into the blood vessels from surrounding tissues. 
In consequence of this it may happen, as Vierordt* remarks, that 
when the outflow of blood is slow a larger volume of liquid flows out 
from the vessels than was in them to begin with. Vierordt himself 
found that the last portion of blood obtained from animals which had 
slowly bled to death contained only 52°/, of the proportion of red 
corpuscles present in the first part. The method of simply weighing 
the outflow of blood is thus not altogether satisfactory, particularly 
where such a large proportion of the blood flowed out as was the case 
in Bischoff's experiments. Probably a good deal of this blood oozed 
out as the body was being conveyed to the dissecting room. 

It is also doubtful whether the condemned criminals experimented 
upon could be regarded as perfectly normal individuals. One of them, 
indeed, was reported to be suffering from scurvy, and was therefore 
probably anemic. As shown by one of us‘ the blood in anzmia is very 
greatly increased in volume. For these reasons it appears to us that 
Bischoff's determinations can hardly weigh against our own, parti- 
cularly as it is difficult to imagine any source of error which could 
make our results too low. 

With regard to determinations on animals we would e out that 


| Zeitschrift fir wissensch. Zoologie, vu. p. 331. 1855; and 1x. p. 65. 1857. 
2 Grundriss der Physiologie, 4th edition, p. 17. 
® Arch. f. physiol. Heilkunde, xm. p. 271. 1854. 


4 This Journal, xxv. iain co Soc. p. vi.). A fuller paper will shortly appear 
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the results by Welcker’s method for rabbits, cats, and guinea-pigs agree 


closely with our own results for man’. Thus Gscheidlen found a 
ratio of fr to gy in rabbits, and g to u in guinea-pigs, while Ranke 
found zr and u in cats, h to z½/ in rabbits (the latter value in a 
very fat rabbit). Dogs have an unusually large proportion of blood 
(Ir to zy). The estimates for animals are calculated on their Rein- 


_gewicht ”—1.¢. their body-weight minus the weight of the contents 


of their alimentary canal. This correction is important in the case 
of herbivorous animals, From data given by Welcker we may esti- 
mate the Reingewicht in man at about 96% of the body-weight. 
This correction would increase by only about th the proportion of 
blood-weight to body-weight. 

The variations in the proportion of blood found in different indi- 
viduals present several points of interest. In the first place it will be 
seen that on the whole the blood-weight varies more, in proportion to 
body-weight, than the total oxygen capacity. Excluding case No. 13, 
the ratio of total oxygen capacity to body-weight did not vary from the 
mean by more than 13%, while the ratio of blood-weight to body- 
weight varied from the mean by as much as 28%, In general, 
therefore, as the percentage oxygen capacity of the blood diminishes 
its mass increases. The “anemic” blood is thus blood to which 
plasma has been added, not blood containing a smaller total quantity 
of hemoglobin. This fact is of much interest in connection with the 
observations on anemia referred to above. Another point is that, to 
judge from case No. 18, neither the mass nor the total oxygen capacity 
of the blood increases proportionally to the amount of fat deposited. 
The fat seems to be so much dead weight, so far as the blood is 
concerned, 

The average total oxygen capacity, excluding case No. 13, was 85 c.c. 
per 100 grammes of body-weight. If we assume that 1 gramme of 
hemoglobin takes up about 1°25 c. o. of oxygen the average proportion 
of hemoglobin would be about 0°68 % of the body-weight. 

The average percentage oxygen capacity found was 185. The 
variations from this standard amounted to 13% in both directions. 
We have endeavoured to ascertain what relation the well-known 100°/, 
standard of the Gowers hemoglobinometer bears to the percentage 
oxygen capacities which we found. With one instrument, which had 
been for more than a year in the Laboratory, we found that ox-blood 


1 The literature is cited in the chapter on the mass of the blood in Hermann’s 
Handbuch, tw. Th. 1, p. 184. 
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with an oxygen capacity of 15°05°/, gave 63% This would make the 
“normal” correspond to 23°9°/, of oxygen. The tube containing the 
standard picro-carmine had evidently altered, the picro-carmine looking 
much yellower at the top than at the bottom. A new hemoglobino- 
meter was therefore obtained, and in this case the standard was found 
to correspond by daylight to 19°8°/, of oxygen capacity. The tint of 
the picro-carmine was, however, pinker by daylight than that of the 
blood, and yellower by gas-light. It was thus somewhat difficult to 
make satisfactory determinations. We would suggest that hemoglobi- 
nometer standards be referred to ox-blood of known oxygen capacity. 
It would thus be possible to eliminate the very serious uncertainty as 
to the significance of the results by different instruments. Apart from 
the uncertainty of the standard the instrument of Gowers, for instance, 
is both very convenient, and gives most excellent results. A standard 
containing a definite percentage of hemoglobin is, for the present, not 
a practicable one, since pure hemoglobin is at the best very difficult 
to prepare, and the criteria of purity are still doubtful. There is also 
strong evidence in favour of the view that more than one kind of 
hemoglobin exists. As shown above, if we express the strength of a 
hemoglobin solution in terms of what is of most physiological import- 
ance, namely its oxygen capacity, and determine colorimetrically its 
strength relatively to that of other solutions, we avoid these difficulties. 


CHIEF CONCLUSIONS. 
1. The mass of the blood in Man is about 40 % (055 of the 


body- weight, and varied in the fourteen persons examined between 
3˙34% (gts) and 6°27 % (Ig). 

2. The total oxygen capacity of the blood in litres is about 0°85 °/, 
of the body-weight in kilogrammes, and varied between 0°57°/, and 
0˙95 %, The total oxygen capacity is, relatively to body-weight, more 
constant than the mass of the blood. 

3. The percentage oxygen capacity of the blood is about 18˙5 %, 
and varied between 16°0°/, and 20°9°/,. © 

4. The oxygen capacity of blood, even from different animals, 
varies in direct proportion to its colouring power, and may be accurately 
determined colorimetrically by reference to blood of known oxygen 
capacity. 
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AN EXPERIMENTAL RESEARCH ON EXCRETION IN 
THE SMALL INTESTINE’. By CYRIL CORLETTE, 


M.D., Sydney. 
(From the Laboratory of Pathological Chemistry, University College, 
London.) 


that the solid constituents of the normal feces are, to some extent, the 
production of the body, and not wholly the food residue. The relative 
extent of the contribution thus furnished has, usually, been regarded 
as a very small one. Though attempts have been made to estimate 
it, yet there is certainly none too much known as to the amount of 
feeces arising from this source. The classical studies of Bischoff and 
C. Voit“, Müller“, Rieder“ and others, by various methods which 
have, hitherto, furnished the bulk of our knowledge on the subject, 
have of late years been supplemented by the introduction of a newer 
method of observation, which consists in isolating segments of intestine 
from the main channel, closing them by careful surgical procedure, and 
N leaving them in place for a longer or a shorter time, after which they 
: are removed, and the contents examined. Restoration of the main 
channel is, of course, secured by re-approximation at the seat of 
resection. 
The operation was performed, though for another purpose, by 
4 W. Halsted' in 1887. In his account he records the fact that an 
q accumulation occurred in the loop. It was first performed for the 
| purpose of studying intestinal secretion or excretion, by Hermann‘ 
in 1889. Reports, touching the use and results of the method, have 
; since been published by Ehrenthal and Blitstein’ in 1891, Fritz 
1 Towards the expenses of this research grants were made by the British Medical 


i 2 Die Gesetze der Ernahrung des Fleischfressers, 1860. 
4 Zeitsch. f. Biol. xx. 1884. 
4 Ibid, xx. 5 Amer. Jour. Med. Sci. N.S. xctv. p. 442, 


: Nuuxnovs workers have, for some years past, firmly established the fact 
Arch. f. Physiol. XVI. p. 98. 7 Ibid. XI VII. p. 74. 
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Voit! in 1892, Berenstein* in 1893, Klecki® in 1893, and von 
Moraczewsky“ in 1898. 

The results, so far, have been received critically, for the number of 
observations has been too scanty, and the interpretation of results not 
yet sufficiently clear. It is conceivable that a pathological factor is 
introduced by the necessary operative manipulation, sufficient to affect 
results. 

Might it then be possible to obtain suggestions, through Hermann 
loops, as to the function of excretion, subservient to general metabolism, 
or otherwise, performed by the intestine, was a question that had 
occurred to Professor Vaughan Harley, while working out his 
research on the large intestine. It was thought best to assume, 
provisionally, that the contents found within the loop would be able to 
give some idea as to the amount of secretion or excretion of various 
constituents under different circumstances. 

For this purpose two classes of diet were given, the one a pure 
meat diet, intended to produce a high nitrogen equilibrium, and 
relatively low in calories; the other diet was mainly of carbohydrates, 
producing a relatively low nitrogen equilibrium, but one high in 
calories. This diet consisted of oatmeal, sugar and milk. The exigencies 
of the case made analytical determinations of metabolism impracticable, 
but it is easy to see that a considerable difference in metabolism would 
prevail in each case. 

I have made analyses of the accumulated loop contents in five cases. 

In two of these the diet had been of meat, in two of oatmeal, and the 
fifth, having begun on oatmeal, developed into one of fasting, during 
an acute specific disease, for the animal developed “canine influenza,” 
and then absolutely refused all food. In all the experiments dogs 
were employed. 

The operation, with the measurements given, was, in all five cases, 
precisely the same, and may be briefly described : 

Animal etherised, and abdomen opened under rigid aseptic methods. 
No antiseptic chemicals were used after the first incision was begun. 
Caecum located, and ileum measured upwards to a point 18 em. above 
its junction with the cecum, and then again, to a second point 36 em., 
further up. The bowel cut across at each point, and the 36 cm. long 

1 Zeitsch. f. Biol. XXIX. p. 825. 2 Arch. f. Physiol. tam. p. 52. 

3 Anseig. d. Akad. f. Wiss. z. Krakau, Oct. 1893, Abstract in Centralbl. f. Physiol. 


vu. p. 786. See also Wien. Min. Wochenschr. vn. 1894, 
* Zeitsch. f. physiol. Chem. xxv. p. 122, 
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segment syringed through repeatedly from each end, with normal 
warm saline solution, until an absolutely clear and colourless efferent 
was obtained. Each end was then closed by silk sutures, the closed 


segment returned to the abdominal cavity, the main channel being 
restored by approximating the upper and lower ends, and returned to 
the abdominal cavity. The parietal wound was then closed. It was 
found possible to do the whole operation with perfeet success, from the 
first cut to the last suture in the abdominal wall, in a little under 
30 minutes. 

The animals were carefully treated after the operation, for the first 
couple of days taking nothing by the mouth, then going on to milk, 


and, later on, to the diet prescribed. The details may, in each case, be 


seen in the appendix. 

After a longer or shorter period, the animal was killed by chloroform, 
and an autopsy made. The loop was then removed, and the contents 
emptied and examined. In each case, everything was found soundly 
healed. There were always some light adhesions, chiefly omental, but in 
Nos. 1 and 3 instances of firm adhesion were found, one in each case. 

The loop contents were subjected to a somewhat lengthy and 
elaborate quantitative analysis: 

(1) Dry solids were estimated by drying to a constant weight 
at 60°C. 

(2) Total nitrogen determined from weighed amount of fresh 
substance, by Kjeldahl method. 

(3) Determination of various fats and cholesterin. In this case 
the fresh substance was first well dried by absolute alcohol, and then 
extracted by ether in a Soxhlet apparatus fora week. The quantitative 
estimation of free fatty acids, neutral fats and cholesterin, was then 
made from the purified extract in the usual way. The fatty acids were 
atrived at by re-extracting the primary residue, after acidifying _ 
hydrochloric acid, and drying. 

It is most convenient to express the experimental results in tabular 
form; a more detailed account of the experiments will be found in the 
app 


In Table I. it is seen that the dogs lost some weight after the 


operation, but this was not considerable, except in Exp. V., in which 
the animal was diseased. 

It is further brought out that, although in each case 36 cm. of ileum 
were isolated, the segment was found, post-mortem, to vary in length, 
and apparently the diet had little or no effect on this. 
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Taste I. 

No. of case I II „ 

25 Oatmeal Oatmeal Acute disease 
= Diet. Meat Meat & milk & milk and fasting 


Weight at operation 7800 gms. 7850 gms. 7500 gms. 11500 gms. 6800 gms. 
Weight at end of ex- 
7550 , 6700 6900 „ 10780 „ 4350 „ 
No. of days lived after 48 ö 24 
12 


operation 
No. of days on the diet 30 23 12 38 


86cm. 58cm. 70 m. 298 om. — 
— 11 em. 95cm. 14 m. 


nus contents, post- 
mortem 


Length of segme 
measured at . 36 om. 36 cm. 36 em. 36 om. 36 cm, 


Weight of segment, al 


1 ration 

Distances above cecum 

18cm. is em. 18 em. 18 em. 18cm. 
ment isolated 


We can now consider the contents of the segment, the results being 
represented shortly in Table IT. | 


* 
a 


Tahir II. Examination of contents of segment. 


I I III IV 
Oatmeal Oatmeal Acuty disease 
Meat Meat & milk & milk | 
Weight fresh 38˙6 gms. 544 gms. 311˙5 gms. 158% gms. 74 gms. 
Reaction to litmus Alkaline Alkaline Alkaline Alkaline Alkaline 
Consistency Thick paste Creamy Gruel-like Liquid Semi-fluid 
Colour Yellowish Dull yellow Light brown Brown Yellowish 
brown brown 
Intensity of odour Very slight Marked Marked Slight Slight 
88-56 92-25 94-88 84:8 
Percentage of dry solids 2854 16˙44 495 5°17 15-7 


— 9°95 gms. 89˙4 gm. 1479 gms. 8°19 gms. 21°21 gms. 


Absolute weight of total 
fats — cle 0°83 gms. 14°31 gms. 7°56 gms. 1°71 gms. 4°96 gms. 


: A greater or less amount of yellowish-brown loop contents was 
| found in each case, varying in consistency. The material possessed a 
5 characteristic odour, varying in intensity, but always the same in kind. 

The odour, when well marked, was decidedly disagreeable, but save 
PH. xxv. 26 
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for its unpleasantness, certainly presented no resemblance to that of 
fees. 

It resembled the smell one sometimes meets with in stale purulent 
tuberculous sputum, or in old tuberculous abscesses, and is, perhaps, 
more associated with the presence of various fatty acids, than of the 
aromatic group of compounds. 

In reference to the colour of the bigs contents, it was ascertained 
that urobilin was uniformly absent. In one case, a little hematin 
pigment was found in the scar, and in one or two cases, which died 
within a fortnight of the operation, a resolving ecchymosis was noticed 
to exist at the same place. The characteristic colour of the contents 
amassed was certainly not due to this source. On the other hand, a 
microscopic examination of the material found adjacent to the mucous 
membrane of the loop showed that a yellowish-brown pigment was 
formed within the epithelial cells. In the large majority this was 
found to be diffuse, but on searching carefully, cells were found in 
which the pigment was, as yet, only present in dark granules; and 
again, other cells were found, wherein the pigment was present in 
larger and more strongly coloured masses, and interspersed with 
fatty-looking granules. As the cell-membrane and structure became 
indistinct, the colour became diffused. 

It may be remarked that the loop substance contained numerous 
bodies, like those which may be observed in feces, and in the case of 
the smaller bodies of this kind, every gradation could be found between 


often seen that they were constituted as conglomerations of bodies, in 
- all respects similar, individually, to the smaller. The inference is that 
some or all of the bodies alluded to as found in the feces, are originally 
derived from the epithelium of the intestine, and also that the pigment 

4 of the fœces must be derived, in part at least, from the same source. 
In addition to these bodies there were seen, in some specimens, 
bundles of crystals, closely resembling in their physical characters 
those of calcium phosphate, as seen sometimes in urinary deposit, and 
in no way resembling fat crystals. In many cases it could be seen that 
these crystals had been formed, or begun to be formed, in a cell, the 
cell outline being still distinctly discernible. It would be incautious to 
assume that these crystals were really what they resembled, but, if they 
were so, it would cast an interesting light on the method of excretion 

of calcium. 

The microscope also showed many fat globules, mostly small, some 


them and the epithelial cells. In the case of the larger, it could be 
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fat crystals, very few cholesterin crystals, a few crystals of ammonio- 
magnesian phosphate, and much granular débris. 

In considering the results of the foregoing experiments, one is at 
once struck by the differences between them in various points. The 
total amount of solid contents, for instance, was about 10 gms. in No. I., 
and about 90 gms. in No. II., yet both were animals of the same weight, 
and fed on the same diet. No. I., moreover, lived 48 days, and No. II. 
38 days, the greater amount being found in the one which lived the 
shorter time. Then again, Nos. III. and IV. were both fed on oatmeal 
and milk ; No. III. was a considerably smaller animal, and lived 21 days, 
while No. IV. was the larger dog, and lived 46 days. It must be 
remembered that the original length of the isolated segment was, in all 
cases, the same. The original area of mucous membrane isolated was, 
therefore, also about the same in all, though the area, measured post- 
mortem, varied as greatly as the size and capacity of the segment. 
This bears on the value of Fritz Voit's plan of calculating ratio of 
amount of contents per day, for the period of experiment, to each 
square centimetre of mucous surface of loop, as measured post-mortem. 
It becomes manifest that deductions based on this ingenious and 
attractive method are seriously open to fallacy. 

Notwithstanding all these variations, the result of No, IL shows 
that there are very considerable possibilities in the excretory power of 

the intestinal mucous membrane. In this case, the moist weight of the 
substance accumulated in the segment isolated, originally only 36 cm. 
long— a small fraction of the total length of intestine—amounted to 
one-twelfth the total weight of the animal. The dry solids of the 
accumulated material amounted to one twenty-fifth the total dry solids 
of the body, reckoning dry solids as 33 p.c. of the body-weight. 

And, passing on to another question, I think it can be safely said 
that the results shown in my five completed experiments afford no 
evidence that differences of metabolism caused by diet have any 
influence on the amount or constitution of the contents accumulating 
in an excluded segment of ileum. 

We have thus seen that differences in diet apparently have no 
effect on the amount of intestinal accumulation in the excluded 
segment of ileum. At the same time, it appears to be a physiological 
occurrence in the normal intestine. Up to the present, all who have 
done personal experiments argue that it is, with the exception of 
Klecki (loc. cit.). Considering this to be the case, he conducted 
experiments in which he found a considerable accumulation in some 
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and not any in others; and it was in the latter that he had attempted 
to sterilise the mucous membrane of the segment, an object sought 
also to be accomplished by Ehrenthal and Blitstein, and by 
Berenstein, in some of their cases. Klecki does not appear to have 
verified the absence of bacteria by the usual bacteriological methods, 
but he assumed that the reason why he got very little accumulation 
was that he had succeeded in eliminating the action of micro-organisms 
by his attempt at sterilising the gut, and therefore the accumulation 
which occurred in the other cases was due to the stimulating action of 
bacteria. In answer to this, we must be permitted to hold grave 
doubts as to whether it is possible to sterilise the inner surface of the 
intestine, by any means at present known, without mortally injuring 
the bowel, and it is far from safe to assume, without culture experi- 
ments, that sterilisation has been successfully accomplished. 

With this qualification, however, I am disposed to suspect that the 


amount of bacterial stimulation and the amount of material shed from 
the bowel are, more or less, proportionately related. If the intensity 


of odour in the loop contents can be taken, in some measure, as an 
average of bacterial action, the results in my own series certainly seem 
to favour the idea of some such relationship, for the intensity of odour 
was certainly directly proportionate to the amount of material (dry 
weight) existing. 

Again, the amount of meconium obtained from a new-born infant 
similarly compared, is certainly so small as to be remarkable, seeing 
that it is the product of the whole alimentary canal, and has had a 
comparatively long time to accumulate. One is especially impressed 
by the comparison, when one considers the copious result obtained in 
No. II. 

The circumstance that the mucous membrane is not bien to the 
stimulus of food residue, etc., passing over it would, I think, tend to 
lower the rate of secretion and desquamation. And here, we might 
note incidentally, that the increased amount of feeces which occur with 
a vegetable diet may possibly be not so entirely due to a greater 
amount of food residue, as has usually been taken for granted, but to 
greater stimulating power from the mucous membrane, by the contact 
of a less easily digested substance. 

In Table III. the percentage relation of the dry solids is pot 
together. 

It is seen that the percentage of nitrogen does not differ to the 
same extent as the total quantity of contents was found to do. 
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Tasie III. Contents of segment, percentage relation to dry solids. 


Ill IV v 
Oatmeal Oatmeal Acute disease 
Meat Meat & milk & milk and fasting 
Nitrogen 8-47 1034 12°33 10-11 6-6 
8.35 16-9 51°16 20-95 23°39 
"Free fatty acids 1°83 89. 21°32 2°47 6.34 
Fatty acids t 
1-96 4-1 14°65 11°7 15°92 
Neutral fats $68 79 15°19 6-78 2-93 
Cholesterin 669 2˙6 8-21 10°68 7.17 
Ash 11°15 9•1 6-84 24/1 . 19-9 


It has to be considered that, in these intestinal loops, the bowel is 
an absorbing organ, and not merely that excretion goes on. It is not 
demonstrated by analysis, but it may be deductively argued that, of the 
nitrogenised matters shed into the sac, proteids are likely to be digested 
and absorbed with greater relative rapidity than nuclein such 
substances possessing considerable powers of resistance to tion. 
This would tend to cause a progressive accumulation of this, and other 
relatively insoluble matter. However this may be, it is experimentally 
certain, from the above results, that a considerable percentage of the 
nitrogen in No. III. must have existed as a constituent of much more 
highly nitrogenised compounds than proteids, for the total fats and 
cholesterin form 59°37 p.c. of the total solids, and the ash 6°84 p. c., 
together making 66:21 p.c. If the remaining portion, 33°79 p.c., were 
all proteid, it would equal 2” = 5:42 pe. of nitrogen. But the actual 
percentage of nitrogen was more than double this, ie. 12°33 p. c., which 
is enough to yield 77°06 p.c. of proteids. 

The analysis of the fats shows a very great difference in the 
various loops, as to the percentage present. It would appear that diet 
certainly influences the fats, since the two dogs on meat (I. and II.) 
show a much smaller amount than those fed on oatmeal and milk, or 
the fasting dog which was for the first 10 days fed on oatmeal and 
milk. 


The percentage of cholesterin, however, seems very little influenced 
by diet, since the percentage, although a little lower in the first two 
dogs, is not markedly below that in the last three dogs. 

The fact, demonstrated by the analysis, that free fatty acids and 
soaps occur, and in the latter, sometimes largely in the loop, deserves 
attention. We must note that it may really be a circumstance of 
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considerable physiological importance. We must 3 that the 
absorption of fat goes on with excretion, and therefore the amount 
actually found by analysis is, by no means, a measure of the total 
amount formed. It would appear, from the results of these analyses, 
that soaps are formed from the product of the intestine itself. 

The variations in the percentage of ash are such that no deductions 
can be drawn from the results obtained. : 

The bowel is known to be the main channel for excretion of earthy 
phosphates, and, according to Hambiirger’, Gottlieb“, Fr. Voit“, 
and others, the bowel-coats are also the chief seats of iron excretion. 
As far as iron is concerned, Bunge‘ believes that it does not come off 


as a secretion of the local glands of the bowel, but as a constituent of 


shed bowel epithelium. Now von Moraczewsky® has shown that the 
colouring matter in the loop’s intestinal contents contains iron, and my 
own microscopic observations, already described, have shown that a 
pigmentary change goes on in the epithelial cells, which appears to be 
the source of the above-mentioned colouring matter. 

We may observe here too that it has been shown by Fr. Voit, 
J. Forster, and E. Voit, in reference to calcium, and by Fr. Voit 
again, in reference to iron, to be probable that the amount of calcium 
salts and iron found in the intestinal contents, is not a measure of the 
amount actually shed, but that there is a concurrent excretion and 
absorption, making a local circulation. 

In concluding this paper I desire to record my extreme indebted- 


ness to Professor Vaughan Harley, my friend and teacher, for his 


help and unvarying kindness. The surgical part of the work was, in 
every case, carried out with his assistance, and its success is largely 
due to his co-operation. My thanks are also due to my friend 
Dr Francis Goodbody, Assistant Professor in the Laboratory, for 
much further assistance. 


SUMMARY. 


In a closed exclusion-segment of ileum, a mass accumulates, which 
may become very large, as has been shown 15 Hermann and other 
observers, 

This mass varies in amount in different cases, and it is not unlikely 
that the variation depends, to some extent, on the amount of stimulation 


1 Zeitschr. J. physiol. Chem. rv. p. 248. 1880. 
2 Ibid. xv. Loc. cit. 
Lehrbuch d. physiol. Chem. 2 Aufl. p. 89. 5 Loe. eit. 
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of the mucous membrane by bacterial products, etc. This represents 
a normal physiological occurrence. But while excretion occurs, re- 
absorption is probably a concurrent phenomenon. This makes it 
equally probable that the total amount excreted was indefinitely larger 
than the absolute amount found present in the segment when examined. 

Reabsorption is probably, to some extent, selective, and the relatively 
unabsorbable substances, such as nuclein, would tend to accumulate. 
The nitrogen is certainly sometimes, if not always, largely present in 
much more highly nitrogenised compounds than are proteids. 

There is no evidence that the excretion of nitrogen from the bowel- 
wall varies according to general metabolism in the same way as occurs 
with the kidneys. Though the amount of material excreted from the 
intestine may form a larger portion of the feces than has hitherto been 
supposed, there is no evidence that the results of ordinary methods of 
measuring nitrogenous metabolism are thereby affected with serious 


fallacy. It would make the apparent level of nitrogenous equilibrium 


come out lower than the real, but no more than this. 

The small yield of feces noted to occur on a purely flesh diet, or 
during fasting, represents a minimum, and is probably much below the 
normal yield of bowel-produced feces. 

There is positive evidence to prove that more or less of the colouring 


matter of the feces is derived from the shed powsl-<pemelam, and has 


nothing whatever to do with the bile. 

Iron is excreted from the body by the imtestine, wholly or partly, 
through the shed epithelium cells. There are some indications to 
suggest that calcium phosphate is excreted in the same way, through 
shed epithelium cells. 

There is a production, and presumably also a reabsorption, of fat 
through the medium of the bowel-epithelium, forming a local circulation 
in the same way as probably occurs in the case of nitrogen, and as 
other authorities believe to occur also in ah the case of iron and the earthy 
phosphates. 

In connection with the fat excreted, soaps are found, and thew must 
play a part in fat absorption hitherto unrecognised. The relative 
importance of this function is uncertain. 

The results, obtained in the experiments, cast some light on 
questions concerning putrefaction in the intestine. 

The results also show that, if the symptoms in intestinal obstruction 
are largely due to the development of toxic substances by bacteria in 
accumulated bowel contents undergoing stasis, their development must 
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depend on some factors additional to what exist in these exclusion 


experiments, since none of the dogs experimented upon exhibit any 
such symptoms. 


APPENDIX. ADDITIONAL PARTICULARS OF EXPERIMENTS. 


No. I Dog, weight 7800 grams. 


After operation, nothing by mouth for 48 hours, A little water on 3rd day, 250 0. 0. 
milk on each of two succeeding days. On 6th day, took only about 50 c. 0. milk, and 
vomited some of it, seemed well otherwise. Seemed quite well on 7th day, and took 
250 c.c. milk. 8th day, 140 C. c., and seems to have vomited it: 9th day, vomited, but kept 
down 250¢.c.: 10th day, took 500c.c. milk, passed soft feces, which contained some 
oxyhemoglobin: IIth day, 635 C. c., another soft stool, a little Hb present, no oxyhamo- 
globin: 12th day, 650 c.c. milk, and 50 grms, meat: 13th day, 300¢.c. milk, and 100 grins. 
meat: 14th day, 700 c. 0. and 200grms.; 15th day, 300c.c. and 300 grms.: 16th day, 
200 c.c, and 40 grms,, fresh blood in stool: 17th day, 200 c. c. and 500 grins: 18th day, 
200 c.c. and 500 grms., animal very thin at present: 19th day, no milk, meat and water 
only, to have 500 grms. meat per diem: 48th day, perfect health, weight 7550, been on 
meat only for 30 days, killed by CHCl, Abdominal wound perfectly healed, peritoneal 
cavity exhibited some loose adhesions of omentum to gut, there was one firm adhesion. 
Ends of isolated loop adherent to neighbouring parts, but not firmly, seat of approximation, 
ditto. The isolated loop looked absolutely healthy, sausage-shaped, full, but not tense, 


length 36 cm. immediately after removal, but it afterwards contracted. oe 
mation measured 18cm. above cecum. 


No. II Dog, weight 7850 grams. 


A little water given on 2nd day, after operation: 100 c. e. milk on 3rd day, and 200 c. o. 
on 4th day. On 5th day passed first feces since operation, normal appearance. Milk 
increased—on 6th day, 550c.c.: 7th day, 700c.c.: 9th day, 700 c. e. milk and 50 grms. 
meat: 10th day, 400c.c. and 100grms,: 11th day, 400 c. 0. and 200grms.: 12th day, 
250 C. 0. and 400 grms.: 13th day, 150 C. 0. and 500grms.: 14th day, and henceforward, 
500 grms. meat, and water, only. Remained in perfect health to 34th day. Weight 6700 
on 82nd day. Went off appetite after 34th day, but no other symptom. Never vomited 
once since operation. As appetite did not return, killed by CHCl, on 38th day. On 
opening abdominal cavity, a large pale sausage-shaped mass presented itself. This was 
the exclusion-segment. Appeared to be full of fluid contents, and contained no gas. 
Some omental adhesions at each end. Intestines free. Seat of reunion perfect, with only 
a trifling amount of loose adhesion to adjacent omentum. The large size and weight of 
the segment seemed quite sufficient to explain the indisposition of the animal during last 
few days. 


No. III Dog, weight 7500 grams. 


In washing out loop-segment at operation, a tangled mass of tapeworms dislodged. 
No untoward symptoms after operation. On ard day, 100 C. 0. milk: 4th day, 200 0. 0. 
5th day, 400c.c.: 6th day, 750c.c.: 7th day, 800 c.c. and a little oatmeal: 8th day, ditto : 
Oth day, milk 250c.c., oatmeal 170grms. (dry weight): 10th day, oatmeal increased, 
Weight 6950 on 18th day. Went on well till about 20th day, when the animal vomited, 
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and was disinclined for food. Being no better on the 21st day, was killed by CHCl, On 
opening abdomen, found some omental adhesions to scar of abdominal wound, and also 
about the loop ends, loop formed a large sausage-shaped body. Seat of reunion healthily 
united, but the bowel a little above this was united by an adhesion to the bowel a little 
below, so as to loop up the part containing the seat of reapproximation, in a shape 
somewhat resembling the Greek 2. Halsted _ cit. p. 442) has described same as found 
in one of his own resection cases. 


No. IV Dog, weight 11500 grams. 


Time of operation, 30 minutes. On 2nd day after operation, 190c.c. milk: 3rd day, 
425 c.c.: 5th day, 750 c.c.: 6th day, 500 c. 0. milk, and 50 grms. oatmeal: 7th day, 400 0. c. 
and some oatmeal, animal a little inclined to mope: 8th day, diet and condition same: 
9th day, better, slight diarrhwa, milk and 50 grms. oatmeal: 10th day, same: 11th day, 
400c.c. milk and 100 grms. oatmeal, very fair appetite: 12th day, 600c.c. milk and 
100 grms. oatmeal, still a little diarrhwa: 13th day, weight 9250, very hungry, 710c.c. 
milk, 150 grms. oatmeal: 14th day, same: 15th day, very well indeed, weight 9050, 500 c.c. 
milk, 175 grms. oatmeal: 16th day, 450 C. e. milk, 200 grms. oatmeal: 17th and 18th days, 
same, bowels always a little loose: 19th and 20th days, 450 C. 0. milk, 250 grms. oatmeal, 
weight 9600 on 20th day: weight 10500 on 27th day: weight 10750 on 35th day. Gets as 
much oatmeal as he can eat (about 300 grms. daily). Weight 10750 on 42nd day. Killed 
by CHCl, on 46th day. At autopsy, everything soundly healed, a few light adhesions 
about the region concerned in the operation. Isolation segment sausage-shaped, tense, 
contents fluid. 


No. V Dog, weight 6800 grams. 


Operation as usual. Time taken, 28 minutes. Nothing but a little water given during 
first two days. 8rd day, 100c.c. milk: 4th day, 200c.c.: 5th day, 400c.c.: 6th day, 
500 C. 0.: 7th day, 750 c. c.: 8th day, 750¢.c. and some oatmeal, weight 5550: 9th day, 
750 c.c. milk and 85grms. oatmeal (dry weight): 10th day, 500 0. 0. and 170 grms. oatmeal : 
1lth day.—On this day the animal, which had hitherto seemed in perfect health, began 
to show signs of loss of appetite: on 12th, 13th and 14th days, appetite still bad, cough 
developed, weight 5250 on 14th day: on 15th day, the appetite improved, but the cough 
continued: on 19th day, appetite again became bad: on 20th and 21st days, appetite very 
bad, ate nothing, weight on 21st day, 4850: continued to refuse food of any kind absolutely, 
and on 24th day was killed by CHCl,, as it seemed too ill to recover. The case was 
evidently one of the same acute specific disease going about London at the time, and which 
about the same time killed several other dogs belonging to the laboratory, and among 
them several which had been operated on in the course of this experimental series, and 
which died during the third week after operation with similar post-mortem appearances, 
The post-mortem appearances in No. V showed a condition of broncho-p The 
heart was remarkable, in that it continued to beat for 15 minutes after its removal from 
the body, in a basin of warm water. The peritoneal cavity was healthy, with a few 
omental adhesions, similar to those described in previous cases. The isolation-segment 
was smaller than in the three preceding cases. 
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A NOTE ON THE PHYSIOLOGICAL ACTION OF 
POEHL’S SPERMINE. By WALTER E. DIXON, MD. 
(Seven Figures in Text.) 


(From the Laboratory, Cambridge.) 


Ix 1878 Schreiner discovered in sperm certain needle-shaped crystals 
which Charcot had observed for the first. time in the blood of leuco- 
cythzemics, and which Leyden had described as occurring in the 
expectoration of the nsthmiatic. 

This substance “spermine” Schreiner examined, and gave it the 
formula C, H. N. Ladenburg and Abel at first regarded it as ethyl- 
enimine, and later Kobert regarded piperazine (C. Hi N,) as dispermine, 
a polymeride. 

Poehl showed the formula was C, H, N., and hence was quite 
distinct from both ethylenimine and piperazine. He was able to 
prepare it from almost every tissue of the body, and even found it in 
normal blood. Poehl's literature on the subject is very extensive; 
suffice it to say that he has come to regard its role in the animal body 
as of the highest importance, viz., that of an “intra-organic ferment of 
oxidation.” The evidence adduced in support of this theory need not 
be discussed but is altogether inconclusive ; some of it has been shown 
to be misleading, and the bulk of it is clinical. 

The object of this research was to ascertain the effect of injections 
of spermine in order to determine how far this substance is responsible 
for the effects produced by injections of Brown-Séquard’s fluid. 

The experiments were throughout performed on cats, the animals 
being anesthetised in each case with A. C. k. The spermine was 
employed either as the phosphate which was dissolved in normal saline, 
with the addition of a little sodium carbonate to aid solution, or as 
the base spermine itself, prepared from the phosphate by the use of 
Ba (OH). 

Injected into the circulation spermine produces an immediate fall of 
pressure accompanied by slight cardiac slowing. The pressure rapidly 
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rises to the normal level, and the heart quickly regains its previous 

rhythm. Each subsequent injection produces a diminished effect. 
This fall of pressure which follows on the injection of spermine is 

accompanied by an initial shrinking of the intestinal volume, as shown 


buy oncometer tracings; before however the pressure recovers, dilatation 


of the vessels has commenced—as evidenced by the rise of the recording 
lever—and the ultimate effect is one of considerable vascular dilatation. 
The preliminary fall of the lever indicates the partial cardiac origin of 
the fail of pressure. (Fig. 1.) 

The volume of the testis immediately increases, the dilatation for 
this organ being considerable. 


Fig. 1. Cat. Showing the effect of a small injection of spermine. Upper tracing repre- 


sents the volume of a loop of small intestine. Lower tracing represents blood-pressure. 
Time marker (lowest line) marks intervals of 10 seconds. 


Tracings of the volume of a kidney show different results; here the 
kidney shrinks with the fall of pressure, and swells with the rise, 
behaving entirely passively, (Fig. 2.) 

Tracings of the alterations in the splenic volume after an injection 
of spermine again produce an entirely different effect. For a short 
period there may be a slight increase in volume, but soon a considerable 
and gradual shrinkage results not in any way corresponding to the fall 
of blood-pressure: the maximum constriction is produced at a point 


when the blood-pressure has again reached its normal level. In view 


of the congestion obtained in the portal area, this diminution in volume 
must probably be ascribed to a muscular effect and not a vascular, 
The spleen slowly relaxes and subsequently becomes considerably dila- 
tated: during the relaxation, waves are usually well shown. (Fig. 3.) 
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Fig. 2. Cat. Upper tracing represents kidney volume. Lower tracing represents blood- 
pressure. At A 10 C. 0. of 1% spermine injected into jugular vein. 
Time marker = seconds, 


Fig. 8. Cat. Upper tracing represents splenic volume, lower represents blood-pressure. 
Time marker = 10 seconds. 
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On the frog’s heart the effects are the same whether a 5% solution 
is simply dropped on, or whether it is perfused in situ through one of 
the hepatic veins with a 1 in 500 solution of spermine; in both cases 
there is rapid and marked diminution in the force of the beat. This 
effect is antagonised by atropine. On the atropinised heart spermine * 
still produces the same effect, and the original beat is again brought 
back by a further supply of atropine. This alternate augmentation 
and diminution in the force of the beat may be effected many times. 
(Fig. 4.) 


. Fig. 4. Frog's heart recording by suspension method. 


Represents the condition before applying spermine. 

2 minutes after en 
A continuation of B. The antagonistic action of atropine is shown. 

3 minutes after the atropine solution added. 

2 minutes after a further addition of spermine. 

3 minutes after a further addition of atropine, etc. 


Time marker = seconds. 
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In mammalia, after section of both vagi or injections of nicotine, 
spermine still produces its typical effect. If the animal is injected 
with atropine in sufficient quantity to paralyse the vagi, the subsequent 
injection of spermine is very considerably modified. After such an 
injection the pressure does not fall, but either remains at the same level 
or even slightly rises : the intestinal vessele however still show a marked 
dilatation, the effect in this respect being the same as without the 
atropine, except that there is now no initial fall of pressure. (Fig. 5.) 


Fig. 5. Cat. About four minutes previously to the tracing shown, the cat had been 5 


injected into a vein with 2 0.0. 5% atropine sulphate. Present tracing shows the 
effect of injecting 3 ¢.c, of a 4% spermine solution into the jugular vein. 
Upper volume. Lower tracing blood 
Time marker seconds. 


The behaviour of the heart itself was examined by opening the 
thorax, performing artificial respiration, and taking tracings of the 
movements of the right auricle and left ventricle, by connecting these 
directly, with the aid of pulleys, to suitable levers free to move 
vertically. A small injection of spermine produces an immediate dimi- 
nution in both the force and rate of the heart-beat, but this rapidly 
changes to a condition in which both the auricle and ventricle contract 
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more vigorously, (Fig. 6.) In other experiments the cardiometer was 
employed, and the results obtained make it evident that although 


Fig. 6. Cat. Thorax opened. Artificial respiration. Right auricle and left ventricle 
connected by pulleys to Brodie’s levers. 


Shows the effect of injecting 5 ¢.c. of a *4°/, solution of spermine phosphate. 
Time marker = 10 seconds. 


immediately after injection the heart becomes over-filled with blood and 
its squeezing power diminished, yet while the pressure is still low it 
recovers, its contractile force is augmented and the output increased. 
(Fig. 7.) 

The effect of spermine on the isolated frog’s nerve-muscle 8 
is very slight in 5% solutions. 

The effect on involuntary muscle was ascertained by direct contact 
of a 4% solution with the isolated loop of the frog’s stomach; the result 
was an exaggeration of the waves, with, however, little or no increase of 
tonus. On mammalian gut spermine produces a slight increase of tonus 
with some tendency to exaggeration of peristalsis. This result was 
obtained by connecting an isolated loop (4 or 5 inches) of intestine—its 
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mesenteric attachment remaining intact—with a vertical glass tube 
partially filled with olive oil and communicating with a recording 
tambour. By this means all contractions of gut on the oil _— be 
represented by corresponding movements of the lever. 


Fig. 7. Cat. Thorax opened. Artificial respiration. Upper tracing=cardiometer. 
Lower = blood-pressure. Shows the result of injecting 2'c.c. of a 4% solution of spermine. 
Time marker = 10 seconds, 


Subcutaneous injections of spermine into rabbits in doses up to 
1 gram. produce little effect except for a small rise in the body 
temperature, which is slow in its development. 

In man a subcutaneous injection of 07 gramme produced no notice- 
able result. 

Conclusion. Spermine produces a fall of blood-pressure; recovery is 
rapid, the normal level being soon reached. 

This effect is largely cardiac, but is also partially due to dilatation 
of vessels in the splanchnic area. Injections of nicotine or section of 
both vagi do not influence this result. The effect of the use of atropine 
is to cut out completely the fall of pressure, without however influencing 
the splanchnic dilatation. 
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The vessels of the kidneys behave entirely passively with the blood- 
pressure. 

The effect on the splenic vessels is masked by the constriction of 
splenic muscle: a stimulant effect on the involuntary muscles of 
mammalian intestine as well as on the isolated strip of frog’s stomach 
is also noticeable. The testis becomes dilated. 

Spermine produces a slight gradual rise in the body temperature. 

A close resemblance exists between the action of choline and 
spermine with regard to their effects upon the heart and circulatory 
system and the two are also about equally toxic. 

The chief interest of spermine depends on the fact that it is 
constantly present in all tissues of the body and in certain pathological 
conditions (leucocythzemia and some nervous diseases) is increased. It 
is said to be present in the normal animal in greatest quantity in the 
testis and nervous tissue. | 

The relation of spermine to the Brown-Séquard fluid will be 
considered on a future occasion. | 
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ON AXON-REFLEXES IN THE PRE-GANGLIONIC 
FIBRES OF THE SYMPATHETIC SYSTEM. By 
J. N. LANGLEY, D.Sc., F. R. S., Deputy Professor of Physiology 
in the University of Cambridge. (Six figures in text.) 


THE purpose of this Paper is to give an account of the extent of the 
pilo-motor reflexes which are obtained on stimulating different portions 
of the sympathetic chain, to determine the mechanism by which the 
reflexes are produced, and to point out certain deductions which can 
be drawn from the facts, as to the arrangement of the pre-ganglionic 
nerve-fibres. 


CONTENTS. 


p. 365. Extent of pilo-motor reflexes in the lower part of the sympathetic chain. 
p. 374. Extent of pilo- motor reflexes in the thoracic region of the sympathetic chain. 


p. 377. Experiments to determine the mechanism by which the pilo-motor reflexes are 


p. 8377. Removal of the spinal cord, and of the spinal ganglia. 
p. 378. The effect of nicotine. 
p. 379. The effect of degeneration brought about by section of the sym- 
pathetic trunk. 
p. 382. dest of spinal fibres. 
p. 386. Question of escape of current. 
. 888. The mechanism of the reflex deduced from the experiments given above. 
. 888. The connections of single pre-ganglionic nerve - fibres in the sympathetic. 
394. Notes on some axon-reflexes, other than pilo-motor. 
. 895. Summary and General Conclusions, 


The observations have been made almost entirely upon the pilo- 
motor nerves of the cat, but the general deductions to be drawn from 
them may I think be applied to all classes of efferent nerves existing 
in the sympathetic system. | 

Anesthetics. The animals were in all cases anesthetized. In experiments on cats 
chloroform was first given, and then the A. c. x. mixture, or occasionally ether, by a 
tracheal tube. In operations on cats ether was given during the operation, and a } to} a 
gram of chloral hydrate per rectum immediately after it. In experiments on dogs morphia 
was first injected subcutaneously and then the A. C. x. mixture given by a tracheal tube. 

Anatomy. Meaning of terms used. I have given earlier an ac- 
count of the connections of the several ganglia of the trunk of the 
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sympathetic’. Some knowledge of these connections is necessary for 
the proper understanding of the results described here. 

With the exception of the compound ganglion stellatum, each 
ganglion of the sympathetic trunk sends the great majority of the fibres 
which arise from its cells, to the corresponding spinal nerve. These 
fibres form wholly or in very large part what is commonly called the 
grey ramus* of the ganglion. I use then the term grey ramus, unless 
otherwise mentioned, for the strand or strands of nerve-fibres which 
pass from a given sympathetic ganglion to the spinal nerve of the same 
body segment as the ganglion. 

The nerve-fibres of the grey ramus accompany the spinal nerve 
in its course to the periphery and innervate the autonomic (visceral) 
structures of an area of the skin which lies within the area of the 
afferent cutaneous fibres of the spinal nerve. The skin areas of 
successive grey rami are themselves successive, and as a rule two 
adjoining areas do not overlap by more than one or two millimetres. 

So far the connections are simple. A complication is introduced by 
the not infrequent additional connections of the ganglia. A ganglion 
may send a few post-ganglionic fibres to the spinal nerve of the 
segment above its own, or to the spinal nerve of the segment below its 
own, or to both of these (cp. op. cit. p. 201). And from about the 
- 11th thoracic to the 6th lumbar ganglia, each ganglion usually sends 
a few fibres to the spinal nerve above that of its own segment, by way 
of the white ramus of that nerve. Thus the area of skin supplied by 
a ganglion is usually more extensive than the area of skin — by 
what we speak of as the grey ramus of the ganglion. : 


EXTENT OF PILO-MOTOR REFLEXES IN THE LOWER PART OF THE 
SYMPATHETIC CHAIN. 


In 1894 it was found by Dr Anderson and myself* that stimulation 
of the sympathetic trunk below any one of the lumbar ganglia in the 
cat caused the hairs of the back to become erect in the dorsal skin 
areas of two to four grey rami immediately above the point stimulated. 
We found that the effect of stimulation was abolished by injecting 


1 This Journal, xv. p. 176. 1893. 

2 If a more precise term is required, this grey ramus might be called the homo- 
segmental grey ramus. It commonly consists of two strands anastomosing on the artery 
(intereostal or lambar) before they join the spinal nerve. 

This Journal, XVI. p. 485. 1894. 
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nicotine into the circulation, so that the impulses set up on stimulation 


must pass through nerve-cells, We pointed out that the hair move- 


ment could not be due to ascending pre-ganglionic fibres, since 
descending fibres only are present in this part of the sympathetic. We 
considered that an action brought about under such conditions would 
properly be spoken of as a reflex action, until it had been shown to be 
produced in some other way. 


Method of experiment. In these experiments it is essential to cut the 


. hairs short—a length of 2 to 3 mm. is perhaps best—otherwise much time 


will be wasted in determining the exact limits of the several areas. It saves 
time also to know where to look for a movement of hairs on stimulating a 
given point of the sympathetic; to this end the positions of the vertebral 
spines should be noted. The grey ramus of the 5th lumbar ganglion—or 
with an anterior plexus that of the 4th lumbar ganglion—in nearly all cases 
supplies the skin over the lower part of the sacrum. The successive ganglia 
above this supply successive patches of skin, each of approximately the length 
of a vertebra, 

In exposing the sympathetic chain, the viscera are covered with warm 
flannels frequently renewed. There is perhaps less interference with the 
blood-flow in experimenting with the left, than with the right sympathetic. 

Stimulation of the lumbar sympathetic causes normally reflex movements 
of the body, and twitchings of the skin. These interfere with the observation 
of the hairs. There are several ways in which this movement can be 
prevented altogether, or diminished so as to be unimportant. (a) A large 
excess of antesthetics may be given; in this case there is of course the 
possibility of a reflex action on the hairs by way of the central nervous 
system (op. below, p. 377). (5) The spinal cord may be cut, best about the 
10th thoracic vertebra ; a less excess of anesthetics is then required to reduce 
the body reflexes to insignificance. (c) The spinal cord from the 10th thoracic 
to the 3rd lumbar segment may be removed, or the corresponding nerve- 
roots cut on the side to be stimulated. Except as showing that the hair 
reflex does not involve the spinal cord, this method is less advantageous than 
the preceding. (d) The white rami of the lumbar sympathetic may be cut, 
and the trunk also cut above the uppermost severed white ramus. This 
method is the best for the region stretching downwards from, and including, 
the 3rd (or perhaps 2nd) lumbar ganglion. In isolating the sympathetic at 
about the Ist lumbar ganglion, the pleura will almost certainly be punctured ; 
in this case it is advisable to use artificial respiration. 

The preparatory dissection having been made, the animal is turned on its 
side, the hind leg on the side to be observed drawn up by a cord and fastened 
to a stand; the back is moved to the edge of the warm water-bag so that 
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the skin of the mid-line of the back is well seen. Hooks are passed from 
the body wall upwards over a rod fastened to a stand, and arranged so 
that the sympathetic chain is readily accessibie. The viscera are arranged 
so that as little tension as possible is put upon the lumbar vessels ; unless 
this is attended to the circulation in the ganglia and in the skin is apt to be 
unduly intéMered with. 

Two persons are required to carry out an experiment, one to stimulate 
the sympathetic, the other to mark the areas in which the hairs become erect 
on each stimulation. It is advantageous to have two persons observing the 
hairs, one noting the upper limit of movement, the other, the lower limit. 
The limits are marked by cutting the hairs still closer to the skin in a narrow 
line. Each line is painted with a pigment dissolved in alcohol; thus the 

effect of a given stimulation can be entered in the notes taken, as extending 
from red to green, or blue to green, or red to yellow, and so on. Whether 
the movement of hairs takes place in the whole of an area, or in a part only 
must be noted. | 

In stimulating the sympathetic trunk, the electrodes may be placed under 
the trunk mid-way between two ganglia, but this is not desirable unless 
certain points in addition to the reflex are to be observed, for on stimulating 
in this way there is some danger of an escape of current to one of the 
adjoining ganglia, and there is a risk of injuring the nerve by too great 
tension. It is best to proceed from below upwards, tying the sympathetic 
immediately above each ganglion in succession, cutting below the ligature 
and stimulating immediately above it; thus 1˙5 to 2cm. of nerve may be 
obtained below each ganglion, and there is greater surety that the electric 
currents do not spread to the ganglion. 

In all careful observations, the sympathetic should be stimulated several 
times in succession at intervals of about a minute. I have repeatedly found 
that the movement of hairs is given in the notes of an experiment as less 
extensive in the earlier stimulations than in the later ones ; this is partly due 
to the difficulty of seeing a slow and slight hair-movement unless the 
attention is fixed upon the particular hairs; but in part I think it is due to 
the response being stronger in the later stimulations. On the other hand, on 
exposure and diminished circulation of blood, fatigue may be easily induced 
by too frequent stimulations. i 

Finally the ganglia which send their grey rami to the portion of the skin 
in which hair movement has been observed must be ascertained. This is 
most readily done by stimulating each ganglion in succession after severing 
all its connections except its grey ramus, and noting the patch of hairs which 


thereupon becomes erect. (For other methods, cp. this Journal, xv. p. 184, 
1893.) 


The results of the experiments upon the greater part of the lumbar 


E. 
Wes 
— 
* 
“ad 
sy 
a 
x 
* 
* 
* 
+3 
* 
aig 
a, 
9. 
* 
— 
3 
2 
* 
ie? 
* 
— 
a 
aa 
N. 


— — 


— 


368 J. V. LANGLEY. 


region are given in Table 1. In this and in other similar Tables, the 
numbers placed i in the columns under each Exp. indicate the areas of 
the skin in which the hairs stood on end in consequence of the 
stimulation. Thus in Exp. 2. stimulation of the sympathetic trunk 
below the 8rd lumbar ganglion caused the hairs to stand gp end in the 
areas of the skin which received pilo-motor fibres by way of the grey 
rami of the 3rd, 2nd, and Ist lumbar ganglia. | 
In the experiments, more or less attention was given to the rapidity 
and extent of the hair movement. I have indicated some of the results 
in the Tables by putting figures in black type (3) when the movement 
was noted as prompt and complete, and in italics (3) when the 
movement was noted as slight or as occurring in a part only of the 


area. The stimulus used in these cases was moderate in strength, 


viz. that produced by interrupted shocks distinctly felt on the tip of 
the tongue (1 Daniell, du Bois Reymond’s induction coil, index of 
secondary coil at 9 to 10cm.). 

A point of some importance not shown in the Table, is that when 
the strength of the stimulus is decreased to a certain extent, the ean 
produced in the several areas decreases from below upwards. 

The results given in the Table, taken together with those already 
given by Anderson and myself, and with those which will be considered 
later in this Paper, show that on stimulating the lower lumbar sym- 
pathetic, a movement of hairs always occurs in the regions governed by 
the grey rami of two successive ganglia above the point stimulated, 

In some cases the region affected is more extensive, and may 
include three or even four grey ramus areas. But it will be noticed 
that this wider effect is far more frequent when the white rami are 
intact than when they are cut, and we may conclude that the implication 


of more than two areas is in the main due to post-ganglionic fibres passing 


from a ganglion to the spinal nerve of the segment above by way of the 


_ white ramus of that nerve (cp. p. 365). In one only of the four experi- 


ments in which the white rami were cut were three areas affected; and 


the effect in the uppermost of the three areas was but slight. The results 


then are that on stimulating any point of the lower lumbar 
sympathetic, a reflex pilo-motor effect is obtained from 
two, and occasionally from three, successive ganglia above 
the point stimulated; in the latter case the effect from the 
uppermost ganglion is but slight. 

I have shown earlier (op. cit.) that the 6th lumbar ganglion very 


rarely sends pilo-motor fibres to its grey ramus. And in none of the 
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experiments mentioned in Table 1 did stimulation of the 6th lumbar 
grey ramus have any pilo-motor effect. Since stimulation below the 
3rd, 4th, or 5th ganglion affects the areas of the two ganglia which are 
immediately above the point stimulated, we might expect that on 
stimulating below the 6th ganglion a similar rule would hold, but that 
as the 6th grey ramus has no pilo-motor fibres, a reflex effect would 
be obtained from the 5th ganglion only. It is a striking fact that-this 
is not the case (cp. Table 1). Stimulation below the 6th ganglion gives 
rise to a reflex from the 4th as well as from the 5th lumbar ganglion. 
The rule then only holds if we regard a ganglion which has no pilo- 
motor fibres in its grey ramus as non-existent. 

The general result may be stated thus: the usual arrangement 
of the nerve-cells and nerve-fibres in the lower lumbar 
sympathetic trunk is such that on stimulating any point of 
it, the hair-muscles contract in the grey ramus areas of the 
first two of those ganglia above the point stimulated which 
send pilo-motor fibres to their corresponding spinal nerve. 

This generalization does not however include the whole of the facts. 


Although the 6th ganglion very rarely sends pilo-motor fibres to the 6th 


lumbar spinal nerve, it not infrequently sends a few to the 5th. This 
occurs usually, if not invariably, when the 5th lumbar nerve has a white 
ramus, and it has a white ramus when the arrangement of the nerves 
is median or posterior’. In such case, when the sympathetic trunk is 
cut above the 6th lumbar ganglion without severing the connection 
of the 5th lumbar white ramus with the trunk, stimulation of the 
sympathetic below the 6th lumbar ganglion causes a movement of 
hairs in the area of the 5th lumbar grey ramus. The movement is 
usually feeble and usually in a part only of the area of the 5th lumbar 
grey ramus. If*5p.c. nicotine be brushed on the ganglion, stimulation 
below it has then no effect (cp. below p. 378). It follows from this that 
in most cases although stimulation below the 6th lumbar ganglion . 
causes a movement of hairs in two grey ramus areas only (4th and 5th 
lumbar), it nevertheless excites nerve-cells in sane ganglia (4th, 5th, 


and 6th). 


We have seen that stimulation below the 6th ganglion, and below 
the 5th ganglion, affects the same area of the skin, but it is usually 
obvious on employing a weak stimulus, that the effect is stronger when 
the stimulus is applied below the 5th ganglion than when it is applied 


1 Cp. Langley. This Journal, xvu. p. 296, 1894; Langley and — ibid. 
XII. pp. 77—95, 1895, xx. p. 372, 1896. 
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below the 6th. Taking into account the fact that the 6th ganglion 
commonly sends a few pilo-motor fibres to the 5th lumbar nerve, a law 
of the reflex which is broadly, though not strictly accurate may be 
formulated as follows: The difference in the pilo-motor reflex 
effect of stimulating above and below a given lumbar sym- 
pathetic ganglion varies directly as the number of pilo- 
motor fibres given off by the ganglion. 

I have said that with a weak current of certain strength the effect 
decreases from below upwards. The strength of current required to 
give minimal or maximal effects varies of course in the individual 
cases. The following gives the results in a particular case (Exp. 10). 
It is noticeable that a maximum effect is obtained with moderately 
strong shocks: increase of the strength of the current — a certain 
point having no further effect. 


Large cat. Chloroform and A. c. k. 
th lumbar ganglion, which was about 2 om. below the 6th lumbar ganglion. The cut end 
of the sympathetic below the 6th ganglion was stimulated. 


Position of Sensation Effect in grey ramus areas 


index of when electrodes a 5 
secondary coil placed on tip of tongue 5th lumbar 4th lumbar 3rd lumbar 
25 cm. Not felt Moderate Slight and 
partial 
20 om. Not felt. bp felt Good Moderate 
at about 17 cm.) : 
15 cm. Good Moderate Very weak and partial 
10 em. Sharp but not strong a A Slight to moderate move- 
ment in a strip near 
the mid-line, and very 
feeble a little 
this 
7 om. Very strong „* ” ” 
5 om. Unbearable 99 ” ” 


Usually when a weak effect is produced in an area, it is in a strip 
near the mid-line, and when the effect becomes greater and greater, 
with increase in the strength of the currents, it spreads laterally, 
involving more and more completely and promptly the lateral regions. 
A similar effect is also commonly seen on stimulating the spinal nerves 
in the vertebral canal. The fact is I think chiefly due to a greater 
erectile power of the hair-muscles near the mid-line. 

I have not determined the extent of the reflex by means of 
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mechanical or chemical stimulation of the sympathetic; since I have 
not found that repeated pinching the nerve trunk of the sympathetic, 
or applying a saturated solution of sodium chloride to it, has a 
sufficiently exciting effect on pilo-motor nerves. I may mention that 
either method of stimulation when applied to a ganglion causes erection 
of hairs in the region supplied by the ganglion, leaving other areas 
unaffected or nearly 80. | 

In a few of the experiments I extended the observations to the upper 
lumbar and to the sacral regions. The results are given in Table 2. 
In both regions the ganglia are less accessible and more irregular in 
position than in the lower lumbar region, and I have not persisted 
with the observations, But they indicate that as a rule two ganglia 
above the point stimulated are affected. 


TaBLE 2. Fatent of sympathetic reflex in the upper lumbar and 
im the sacral regions. 


Grey ramus areas affected 


Place of stimulation of r Place of stimulation Areas affected 
sympathetic trunk Exp. 1 Exp. 2 Exp.3&7| of sympathetic trunk xp. 9 

Below XIIth thoracic gang. 12.11.10 Below Ist sac. gang. 2 

” XIIIth ” ” pate | 2nd ” ” 2.1 

„ Ist lumbar gang. 1 1. 13 3 


Er. I. The spinal ganglion of the 19th thoracic nerve was cut sway. The 18th thoracic 
nerve was cut peripherally of the dorsal skin branch, so that no effect was obtained in the 
area of the 13th grey ramus. Op. Table 1. 


Exr. 2. The spinal ganglia of the Ist lumbar and of the 18th thoracic nerves were 
cut away. 


Dog. I have made one experiment in the dog in order to be 
certain that the reflex is not —. to the cat. The results were 
as follows: 


88 


Short-haired white terrier. mixture. Left lumbar 
sympathetic stimulated, white rami uncut. 


Place of stimulation | Lumbar Thoracic 
— — 

Below 7th lumbar ganglion (7). (6). (6) 4. 8 

Lower end?! of 6th lumbar ganglion (6). (5). 4. 8. 2. 1%, 13? 

Below 5th lumbar ganglion (5). 4.8. 2. 1°, 13? 

„ * 4.8. 3. 1. 185 

„ örd „ 1 3.2.1.18. 12 

9? 2nd ” 2.1 13.12 
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1 The 6th and 7th ganglia were close together, so that stimulation below the 6th could 
not be properly carried out. 

2 The hairs moved in a part only of these areas, viz. in a narrow strip near the 
mid-line. 

The movement was slow in the lateral regions of these areas; and apparently rather 

better on stimulating below the 4th ganglion than on stimulating below the 5th. 

; In all cases in the lower lumbar region, the first stimulation produced a weaker and less 
extensive hair-movement than the later stimulations, which are given in the Table. 

The 7th lumbar ganglion sent pilo-motor fibres to the 1st sacral nerve, whether the 6th 
ganglion did so could not be determined. — sent some pilo- motor fibres 
to the 4th lumbar nerve by way of its white ramus. 


In the protocol the numbers indicating areas of the 5th, 6th, and 

7th lumbar ganglia are put in brackets, since stimulation of the grey 
rami running to the 5th, 6th, and 7th lumbar nerves produced no hair- 
movement. The area of the Ist sacral grey ramus followed directly 
upon that of the 4th lumbar. 
The experiment shows that the pilo- motor reflex occurs in the dog 
as well as in the cat, and it affords good evidence that the reflex 
is more extensive in the dog than in the cat, involving at 
least three ganglia above the point stimulated. 

In the experiments upon the cat there was only one grey ramus in 
the lumbar region (the 6th) which did not contain pilo-motor fibres, 
in the experiment given above on the dog there were three, so that 
if the rule deduced on p. 370 with regard to the relation between the 
extent of the reflex on stimulating above and below a ganglion and 
the number of pilo-motor fibres given off by the ganglion, holds for the 
dog, there should not be any great difference in the extent of the 
reflex whatever point of the lumbar sympathetic below the 4th ganglion 
is stimulated. Taking the matter broadly, it will be seen that this 
was the case. On stimulating below the 4th, the 5th, and the 6th 
lumbar ganglia the same areas responded. It is true that on stimu- 
lating below the 7th lumbar, a less extensive reflex was produced than 
on stimulating above it, but it happened that the 7th lumbar ganglion 
though sending no pilo-motor fibres to its own grey ramus sent a 
considerable number to that of the Ist sacral, so that divergence 
from the rule was here only apparent. 
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EXTENT OF PILO-MOTOR REFLEXES IN THE THORACIC REGION © 
OF THE SYMPATHETIC’. 


In the upper cervical sympathetic the direction of the spinal pilo- 
motor fibres is the opposite of that in the lumbar region. The fibres 
run upwards instead of downwards. Consequently on stimulating the 
sympathetic in the thoracic region, we can only obtain evidence of a 
reflex action from the ganglia below the point stimulated, and not, as 
in the lumbar region, only from the ganglia above the point stimulated. 


Method of experiment. Much of what has been said above (p. 366) with 
regard to the method of experimenting on the lumbar sympathetic applies also 
to the thoracic sympathetic, and I need only mention some points of operative 
procedure. 

When it is only desired to stimulate the sympathetic below the ganglion 
stellatum the simplest method is the following :—The anesthetized animal is 
placed on (say) its right side, the left fore-leg is drawn backwards, an oblique 
cut is made through the skin in front of the lower or mid-portion of the 
scapula, the muscles from the scapula to the lower part of the neck severed ; 
the head of the first rib can then be easily felt, the muscles of the first inter- 
space close to the head of the rib are torn through and the ganglion stellatum 
exposed. The upper branches of the ganglion can then be tied, cut on the 
side away from the ganglion, the Ist and 2nd rami and the ventral limb 
of the annulus cut, and the sympathetic stimulated below the ganglion. But 
it is more convenient to tear through the muscles of the 2nd interspace, tie 
and cut away a piece of the 2nd rib, and to tie the sympathetic immediately 
below the ganglion. By this method the pleura is not punctured. 

When it is desired to stimulate the lower portions of the thoracic sym- 
pathetic, it is better to proceed from the ventral surface, double tying the 
first 5 or more ribs on one side and resecting the part between the ligatures. 
The string ligatures used for the dorsal part of the ribs are tied to form loops ; 
hooks are passed into the loops and over a horizontal stand above the animal. 
It is then easy to arrange that the nerve on one side and the hairs over the 
thoracic vertebrae on the other are properly seen. 


In Table 3 are shown the results of stimulation above the several 
ganglia of the upper thoracic sympathetic, upon the grey ramus areas 
of the ganglia below. The numbers given in the columns under the 


A preliminary account of many of the experiments with regard to the pilo-motor reflex 
which is obtained on stimulating immediately below the ganglion stellatum I have given 


elsewhere. Ricerche di Fisiologia e Scienze aſini dedicate al Prof. Luigi Luciani, 
1900, p. 23, 
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heading of Exp. indicate the lowest areas in which a movement of 
hairs was observed with the given stimulation. The intermediate areas 
from the point of stimulation are omitted, since in no case is any 
intermediate area passed over without erection of hairs. Thus in 
Exps. 10, 11 the number 8 opposite to ‘Below ganglion stellatum’ 
indicates that the sympathetic was stimulated immediately below the 
ganglion stellatum and that a hair-movement was observed in the areas 
of the grey rami of the 8rd, 4th, 5th, 6th, 7th, and 8th thoracic 
ganglia. The effect is not equal in all these areas; of that I shall say 
something later. 

The experiments show that on stimulating below the ganglion stel- 
latum the hairs in the region of the 3rd, 4th, 5th, and 6th thoracic 
grey rami are always erected; that they usually are in the area of 
the 7th, sometimes slightly in that of the 8th; and possibly occasionally 
in the area of the 9th grey ramus. : 

The effect in nearly all cases decreases from the 4th or 5th area 
downwards, it is fairly strong in the 6th area, but below this it is 
when it occurs but weak; in the 8th area the effect is commonly 
confined to the median portion. 

The hair-movement in one or two of these areas is of course due 
to post-ganglionic fibres proceeding from the ganglion stellatum. This 
ganglion always sends some pilo-motor fibres to the 3rd thoracic nerve, 
and usually some to the 4th'; it may possibly in rare cases send a few 
fibres to the 5th thoracic nerve; but I have not found any certain 
instance of this. Allowing for the post-ganglionic fibres, it will be 
seen that the reflex obtained by stimulating just below the ganglion 
stellatum involves a greater number of areas than that obtained by 
stimulating any part of the lumbar sympathetic. — 

As progressively lower regions of the thoracic sympathetic are 
stimulated, no new area appears as a rule to be affected until the 
6th thoracic ganglion is reached, that is to say, stimulation of any 
part of the thoracic sympathetic from the ganglion stellatum to below 
the 5th thoracic ganglion excites the hair-movement in the same areas, 
the strength of the movement however in the lower areas generally 
increases as the electrodes reach the 4th and the 5th ganglia. . 

When the stimulus is applied at any point from about the 6th to 
the 9th ganglia, two or three areas only are affected, so that the extent 
of the reflex is much the same as in the lumbar region. 


1 This Journal, xv. p. 199. 1893. 
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The 8th thoracic white ramus usually sends some pilo-motor fibres 
downwards as well as upwards so that on stimulating the thoracic 
sympathetic, at or below the accession of the 8th white ramus, any 
reflex effect there may be, will be commingled with the direct effect of 
stimulating pre-ganglionic fibres. Further the 7th white ramus may 

occasionally give off descending pilo-motor fibres (cp. p. 383). 


EXPERIMENTS TO DETERMINE THE MECHANISM BY WHICH THE 
PILO-MOTOR REFLEXES ARE PRODUCED. 


1. Removal of the spinal cord,. and of the spinal ganglia. 


Anderson and myself observed that removal of three or four 
segments of the lumbar spinal cord had no effect upon the lumbar 
sympathetic reflex, and we concluded that the spinal cord was not con- 
cerned in it. As the sympathetic trunk was not cut in this experiment, 
it is conceivable that the reflex might be produced by impulses 
travelling to and from the cord above the part removed, although it is 
extremely unlikely that they should then be produced in undiminished 
strength. In order to make the matter certain I have removed the 
spinal cord from the 12th thoracic segment downwards (see Table 1, 
Exp. 3). The results given in the Table were unaltered by cutting the 
sympathetic trunk between the Ist and 2nd lumbar ganglia; i.e. the 
complete separation of the sympathetic from the spinal cord did not 
affect the reflex. 

Similarly, removal of the thoracic spinal cord does not affect the 
extent of the reflex obtained by stimulating the sympathetic just below 
the ganglion stellatum. In Exp. 12, Table 3, all the white rami down 
to, and inclusive of the 9th thoracic were cut, the 5th and 6th grey 
rami ran with the white rami, and were cut with them. The sym- 
pathetic trunk was cut below the 9th ganglion, thus the sympathetic 
was only connected with other structures by the grey rami of the 4th, 
7th, 8th, and 9th ganglia; stimulation below the ganglion stellatum 
caused erection of the hairs in the areas of these grey rami, and of 
these only. 

It is relevant here to state that I have not been able to obtain any 
reflex action on the hairs from the central nervous system in an 
anzsthetized animal, on which alone I have experimented. Stimula- 
tion of crura cerebri, pyramids or lateral columns of the spinal cord will 
cause movement of hairs in all parts of the back and in the tail; but 
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I have not found any effect on stimulating the central end of a 
cutaneous nerve or of an intercostal nerve. The stimulation of a white 
ramus also produces no effect beyond the local one due to its containing 
post-ganglionic fibres from the adjoining sympathetic ganglion, an 
effect which is unaltered by section of the nerve-roots from which 
the white ramus arises. So also if the sympathetic be cut above and 
below a ganglion, and the ganglion stimulated, the hair-movement only 
takes place in the small strip of skin to which it sends post-ganglionic 
fibres. 
In Exps. 1 and 2 (Table 1, Table 2), two successive spinal ganglia 
were cut out without affecting the reflex. When removing a spinal 
‘ganglion it is to be borne in mind that the dorsal cutaneous branch of 
the nerve by which the pilo-motor fibres of the grey ramus run to 
the skin leaves the trunk close to the spinal ganglion; so that unless 
care be taken in removing the ganglion, the grey ramus may be cut, 
and in that case the reflex will of course be abolished. (Cp. Table 2, 
Exp. 1, 18th thoracic.) 

These observations show that neither the spinal cord nor the 
spinal ganglia take part in the pilo-motor reflex. 


2. The effect of nicotine. 


As mentioned above, Anderson and myself found that the injection 
of nicotine abolished for a time the lumbar pilo-motor reflex. 

The effect is perhaps more striking when 0°5 to 1 p.c. nicotine is 
applied locally to a single ganglion. The reflex is then abolished in 
the exclusive area of the ganglion to which the nicotine is applied. 
Thus suppose the sympathetic is stimulated below the 6th lumbar 
ganglion and an effect obtained in the areas of the 5th and 4th ganglia, 
if then dilute nicotine is brushed on the 5th ganglion, stimulation 
below the 6th will cause an effect in the area of the 4th ganglion, but 
not in that of the 5th; if instead of this dilute nicotine is brushed 
on the 4th ganglion, stimulation below the 6th ganglion will cause an 
effect in the area of the 5th ganglion but not in that of the 4th. 


The local effect of the nicotine can be strikingly shown by applying a 
05 p.c. solution to the 4th, 5th, 6th, 7th lumbar and Ist sacral ganglia. 
On stimulating the uncut sympathetic between the 4th and 5th ganglia, 
a small patch of hairs on the back will stand on end (3rd lumbar area), and 
the hairs on the tail except at the root (lower sacral and coccygeal areas), the 
intervening region being unaffected. 
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Similarly in the thoracic region, the application of nicotine to any 
one ganglion cuts out the effect of all the fibres proceeding from this 
ganglion. 
| These results show that the impulses set up at the point of 

stimulation do not affect any given ganglion by stimulating 
in the first instance another ganglion, but run direct to each 
_ ganglion the nerve-cells of which are affected. 


8. The effect of degeneration brought about by section of the 


The preceding observations have shown that the mechanism by 
which the reflex is produced lies in the sympathetic itself. It is con- 
ceivable that the reflex should be produced either (a) by commissural 
fibres proceeding from the cells of one ganglion to the cells of several 
others, in which case it could no longer be called a reflex: or (b) by an 
action in the ganglia similar to a reflex action from the spinal cord. 
Both possibilities can be tested by cutting the sympathetic, allowing 
time for the peripheral ends of the cut fibres to lose their irritability, 
and then observing whether the reflexes persist or not. The facts 
which bear on the two views may conveniently be taken separately. 

(a) If the cells of one ganglion send nerve-fibres to the cells of 
another, the fibres will degenerate after section of the strand between 
the two, provided sufficient time is allowed. The arrangement might 
be represented diagrammatically as in Fig. 1. And the reflex which is 
normally obtained on stimulating a given point of the sympathetic 
trunk should no longer be obtained if the sympathetic has been cut 
some aye previously at this point. 


Stim 


Fig. 1. 


I have made five experiments upon the lumbar sympathetic of the 
cat on these lines. The following gives a summary of them, 
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Time allowed 
Operation for degeneration 
Exp. 1. Sympathetic cut just above 5th lumbar ganglion 
(and white ramus of 4th nerve cut) 5 days 
Exp. 2. Sympathetic cut just above 5th lumbar ganglion 7 days 
Exp. 3. Excision of 6th lumbar ganglion : ä 6 days 
Exp. 4. Sympathetic cut above 6th lumbar ganglion 8 days 
Exp. 5. ” ” ” ” , 20 days 


The upper cut end of the sympathetic was stimulated. — 


Place of stimulation 
1. Below 4th lumbar ganglion 4.73 
2. „ 4th ” ” 4.3 
—.44.3 
~.14.3 
1 The 5th lumbar ganglion sent no pilo - motor fibres to its grey ramus. 


In all cases then a reflex was obtained by stimulating the cut nerve, 
although it could not have contained any nerve-fibres arising from the 
ganglia below. : 
little attention was paid to the effects of stimulating above the cut end, since although 
on the theory of ascending ganglionic fibres, the effects might be expected to be weaker for 
about two segments, the results would be inconclusive. The results were: 


Areas affected 


— — 
Place of stimulation Exp. 1 Exp. 4 Exp. 5 
Below 8rd lumbar ganglion 3 8.2 
Below 4th 9 Ps 4.3. 2 4.3.2 


The weak point of experiments of this kind in the lumbar region 
is that the distance between the point of stimulation and the ganglion 
above is not very great. It was 2 em. in Exps. 2 and 3, and 1˙5 cm. 
in the other experiments. I do not however think that the ganglion 
above was stimulated directly; and against the possibility is to be set 
(1) the fact that normally after nicotine has been applied to a ganglion 
stimulation similar to that used in these experiments, a very short 
distance below the ganglion, has no effect in the area supplied by the 
ganglion, although it still has an effect on the area supplied by the 
ganglion next above, and (2) the effects of stimulating below the 
place of section, to be related presently (p. 382). 

The experimental conditions are much more favourable in the 
upper thoracic region. We have seen that stimulation just below the 
ganglion stellatum causes a reflex through the lower ganglia as far as 
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the 6th to the 8th thoracic, and that stimulation at some little distance 
from the ganglion does not very greatly increase the reflex. Con- 
sequently, on stimulating below the ganglion stellatum we may be 
certain, if ordinary precautions are taken, that no important effect is 
produced by an escape of current to lower ganglia. I have made two 
experiments on the thoracic sympathetic. 


Exp. 1. Cat. Six days after section of the sympathetic just below the 


ganglion stellatum, the animal was again anesthetized, the thoracic sym- 
pathetic exposed and stimulated. 


Place of stimulation Grey ramus areas affected 
Just below ganglion stellatum 3.4.5.6.7.8 
Above 5th thoracic ganglion 5.6.7.8 
6.7.8. 9. 10 
7.8. 9. 10. 11 


The rami of the 3rd to the 7th thoracic nerves inclusive were cut. 
Stimulation just below the ganglion stellatum still gave movement of hairs 


in the 8th thoracic area. 


The second experiment, in which 34 dap 5 were allowed for degeneration, 
gave a similar result. | 
Thus an operation—which would cause degeneration of all the 
fibres proceeding downwards from the ganglion stellatum—had no effect 
upon the reflex; the reflex in fact was rather better in Exp. 1 than in 
most of the normal cases. 

We can then -conclude that the reflex is not due to nerve 
fibres proceeding from the cells of one ganglion to the cells 
of another ganglion. 

(b) If the reflex were produced by afferent fibres connected with 
cells in the ganglion in which the reflex action takes place, the arrange- 
ment must be essentially like that of the diagram in Fig. 2, although 
the actual arrangement in order to obtain the difference in strength 
of response in the several areas would be much more complicated. 
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It is obvious that with such a mechanism, the degeneration caused 
by section of the sympathetic in the lumbar region would not abolish 
the reflex in the region below; thus degeneration of the fibres cut at a, 
could not abolish the reflex obtained by stimulating at f. ; 

In the experiments already mentioned on p. 380 the sympathetic was 


stimulated below as well as above the place of section. But three only 


of them gave results directly bearing ongthe point we are now concerned 
with. The results were as follows: | 


Place of stimulation Grey ramus areas affected 
Exp. 1 Exp.2 Exp. 5 
Below 5th lumbar ganglion 0 0 . 
Below 6th „ 0 
On th „ 15 5 5 — 
On 6th „ 3 6 5 6 
On 7th „ 10 7 7.1 7 


There were then in the three experiments five points of stimulation 
which normally would have produced a reflex, and no reflex was produced 
in any one of them; stimulation of the ganglia in all cases caused 
erection of hairs. 


In each of these experiments the 6th lumbar ganglion sent some pilo-motor fibres to 
the 5th nerve. In Exp. 2 these fibres caused a moderate movement of hairs in the whole 
area of the 5th grey ramus, though of course much less strong than that caused by the 5th 
grey ramus itself; in the other two cases the movement was slight. 


In Exp. 2 the fibres from the 6th lumbar ganglion to the 5th lumbar 
nerve ran by the white ramus of the 5th nerve which was intact. The ramus 
produced its usual spinal reflex and peripheral effects ; this ramus never has 
pre-ganglionic pilo-motor fibres, and it will be noticed that it did not prevent 
the disappearance of the pilo-motor reflex. In the other two cases the possibly 
existing white ramus from the 5th nerve was not investigated. ö 


The result I think shows that the pilo-motor reflex cannot 
be due to stimulation of afferent fibres proceeding bo nerve- 
cells in the sympathetic ganglia. 


4. Effect of degeneration of efferent spinal fibres. 

We have seen in the preceding section that the reflex is dependent 
upon the integrity of the nerve-fibres which run to the sympathetic 
by the white rami. In the white rami there are afferent fibres having 
their origin in the spinal ganglia, and efferent fibres having their origin 
in the spinal cord. Since stimulation of the peripheral end of the cut 
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posterior roots does not cause erection of hairs, the afferent fibres might 
fairly be put out of account and we might conclude by a process of 
exclusion that the efferent fibres are essential to the reflex. But a 
more satisfactory way of obtaining proof as to the part played by 
the efferent pre-ganglionic fibres, is to determine whether the reflex 
occurs when these fibres, and these only, have degenerated in the 
sympathetic. 

The efferent fibres which pass to a given series of ganglia will 
degenerate on cutting the nerve-roots of the spinal nerves which send 
fibres to the series, the afferent fibres in the sympathetic will remain 
intact after such section since they will still be in connection with the 
spinal ganglia. 

In these experiments a difficulty at once presents itself. We do not 
know with certainty the maximum ganglionic connection of all the 
spinal nerves, and it is hardly feasible to ascertain the connections in an 
experiment in which the extent of the reflex has to be determined. 

The greatest extent of connection which I have so far observed in 
the cat for each nerve is given in the following Table. 


Tann 4. Connection, as observed so far, of the pilo-motor fibres of 
the spinal nerves with the ganglia of the sympathetic chain (cat). 


Ganglia 
Spinal Nerve Highest connection Lowest eusmection 
Vth thoracic Ganglion stellatum! Ganglion stellatum 
re Ganglion stellatum usually, in two 
cases, 5th and possibly 6th thoracic 
2 
VIIth ” ” ” thoracic 
VIIIth ” 12th ” 
IXth 12th ” 
Xth 4 5th thoracic 8rd lumbar 
XIth pe llth thoracic, possibly 10th 4th lumbar, possibly 5th 
Xilth* „ „ 5th lumbar 
„ Ist lumbar ard sara! 
Ist * and ,, Upper coccygeal 
Ind“ 1 „, Last coccygeal 
* 4th „ Last „, | 
IVth“ ” 5th ” 3 Last 55 


1 The cervical ganglia are here left out of account. 

2 J have not made many accurate observations with this nerve. 

3 On stimulating any of these spinal nerves, an effect may be obtained in the area of 
the corresponding grey ramus, but it is probably produced by way of the ganglion of the 
segment below. 
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It must be borne in mind that the connections here given have not 
been observed in any one animal, but represent the combined results 


obtained in a considerable number of experiments“. 


These results show that it might be necessary to cut the nerve-roots 
of the 10th thoracic to the 4th lumbar in order to cause degeneration in 
all the efferent fibres running to the lumbar ganglia. 

This was done in Exp. 1; the results of which are given below. 


In Exp. 1 and in the other experiments given in this section, the animal 
being etherized, the arches of the vertebra were cut through on one side only, 
the vertebral spines not being removed. In Exp. 4 the animal was young, 
but nearly fully grown; Exps. 1, 2 and 5, it was about half-grown ; in Exp. 3 
less than half-grown The nerve-roots were cut sami A of the spinal 
ganglion, but outside the dura mater. 


Exp. 1. Young cat. Left 10th thoracic to 4th lumbar nerve-roots 


inclusive cut 5 days previously. Chloroform and A. C. k. The sympathetic 


was stimulated from below upwards, and the effect on the hairs, if any, 
noted. 


Grey ramus areas affected above the 
Place of stimulation point of stimulation 
| ‘Operated side (left) Normal side (right) 

Below 6th lumbar ganglion — 

„ 150 None 4.3 

— 3.2.1 


Stimulation of each ganglion caused strong erection of hairs in the 
appropriate area. 


1 On stimulating just above the 7th ganglion, no effect was obtained (except in the area 
of the 7th grey ramus): on moving the electrodes nearer the 6th ganglion, there was 
movement of a few hairs in a spot 2 to 3 mm. in diameter in the 5th grey ramus area ; 
this ceased on cutting the white ramus running from the 5th nerve to the 6th ganglion ; 
it was probably due to stimulation of post-ganglionic fibres arising from aberrant cells of 
the 6th ganglion. 

2 The ard and 4th ganglion were too close together on the left side to allow of isolated 
stimulation of the nerve between them. 


In this case the results were clear and precise. The integrity of the 
spinal ganglia, of the fibres proceeding from them, and of the sympathetic 


ganglia did not avail for the preservation of the reflex. The degeneration 


of the efferent fibres passing from the spinal cord to the ganglia—the 


1 T have given earlier the details of some of these experiments. e xv. 
p. 219. 1893. 
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pre-ganglionic fibres—was accompanied by the disappearance of the 


reflex. 

It might perhaps be said that the degeneration of so many fibres in 
the sympathetic would cause considerable functional disturbance in the 
ganglia. The experimental evidence is against this possibility, for 
stimulation of the ganglia direct produced the normal result. And 
further evidence against it is afforded by Exp. 2. in which the 10th 
thoracic to the 2nd lumbar nerves were cut, and a large number of 
fibres degenerated in the lower half of the lumbar region without any 
alteration in the reflex. 


Exp. 2. Kitten. Left 10th thoracic to 2nd lumbar nerves inclusive cut 
9 days. Chloroform and a.c.z. The 3rd lumbar nerve sent pilo-motor 
fibres to the 4th and to all the lower ganglia ; the 4th lumbar nerve had no 

pre-ganglionic pilo-motor fibres. 


Place of stimulation Grey ramus areas affected 

) Left side Right side 

Below 6th lumbar ganglion 5.4 5.4.3 
4 4.3.2 


1 p. o. nicotine placed on the 3rd lumbar ganglion caused strong erection 
of hairs in its grey ramus area. : | | 


In this experiment a large number of fibres were degenerated 
throughout the lumbar sympathetic. Only one white ramus running 
to it was intact; this ramus, the third lumbar, sent pilo-motor fibres to 
the 4th lumbar ganglion and the lower lumbar ganglia, and we see 
that the reflex from these ganglia was normal, notwithstanding the 
degeneration in the other fibres. No reflex was obtained from the 3rd 
lumbar ganglion, the pre-ganglionic efferent fibres of which had all 
degenerated. | 

Three experiments were made upon the thoracic region of the 
sympathetic. From the distribution of the efferent fibres given on p. 383 
it appears that the reflex in the upper part of the sympathetic would 
probably disappear on cutting the 7th to the 10th thoracic roots, but 
that it might be necessary to cut the 6th also. The 7th to the 10th 
roots on the left side were cut in Exp. 3, six days being allowed for de- 
generation. On stimulating the sympathetic just below the ganglion 
stellatum, there was no movement of hairs in the 6th or in any lower 
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area, so that the reflex normally obtained from the 6th and lower 
ganglia was abolished. 


There was a slow but distinct movement in the 4th and 5th thoracic 
areas; this may have been due to post-ganglionic fibres from the ganglion 
stellatum, or, more probably, to an axon-reflex by means of the intact fibres 
of the 6th thoracic nerve. 

Stimulation of the sympathetic from the 6th to the 10th ganglia gave less 
clear results, The animal was small—the distance from the 6th to the 10th 
ganglion being only 2°6 cm.—so that there was great risk of escape of current 
to the adjoining ganglia on stimulating between any two of them. The result 
of stimulating between the ganglia was inconstant, sometimes there was no 
effect, sometimes there was a very slight and sluggish movement in scattered 
hairs in one or more areas below the point stimulated. 


In the other two experiments (Exp. 4, Exp. 5) the section of the 
efferent fibres was less complete, and no difference was observed in the 


reflex. The result of Exp. 5 emphasizes the necessity of cutting a long 
series of nerves in order to abolish the reflex. 


Exp. 4. Left 6th and 7th thoracic nerve roots cut 10 days. 
Exp. 5. Left 5th, 6th, 7th, and part of 8th thoracic roots cut 5 days. 


Place of stimulation Grey ramus areas affected 
Exp. 4 Exp. 5 
Just below ganglion stellatum 4.5.6.7.8 4.5.6.7.8 
Above 4th thoracic ganglion 4.5.6.7.8 
5.6.7.8 
6.7. 8.9 


In Exp. 5 after the sympathetic had been cut upon the 9th rib, i.e. between 
the 8th and 9th ganglia, stimulation of the cut end below the 8th ganglion 
caused hair-movement in all the areas above, thus probably pre-ganglionic 
fibres from the 9th white ramus ran to the 8th ganglion and to all the ganglia 
above. 

5. Question of escape of current. 

The possibility of the reflex described being apparent only, and in 
fact due to the stimulating electric currents spreading along the 
sympathetic some distance from the point to which the electrodes were 
applied, I have passed over till now, because the various phenomena 
of the reflex afford the best proof that this possibility has no basis. I do 
not think it necessary to argue the matter at length: the following are 
the chief points on which I should lay stress. 
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The reflex is produced by quite weak shocks, sometimes not per- 
ceptible to the tip of the tongue, and although the reflex is stronger 
and may be more extensive with stronger shocks, a limit is soon reached, 
and then a very great increase in the strength of the shock has no 
additional effect. And it will be remembered that in some cases, as 
on stimulating the lower lumbar sympathetic in the dog, there is a long 
stretch of nerve between the point stimulated and the uppermost 
ganglion affected. 

Reversing the direction of the exciting induced currents—a method 
suggested to me by Prof. Gotch—has no effect upon the extent of the 
reflex. 

We have seen that stimulating the sympathetic below the 3rd, 4th, 
or 5th lumbar ganglion excites ganglia at about the same distance in 
each case from the point stimulated, but that stimulating the sympathetic 
below the 6th ganglion affects ganglia appreciably more remote from 
the point stimulated. If the electrical currents when applied just 
below the 5th ganglion can only extend in exciting strength as far as 
the 4th ganglion they should be unable to excite the. 4th ganglion 
when passed away from it as far as the upper limit of the 7th ganglion ; 
in fact the effect on the 4th ganglion is barely altered. 

The action of nicotine shows that no escape of current occurs of 
sufficient strength to stimulate the post-ganglionic fibres of a ganglion, 
for a trifling quantity of nicotine applied to a ganglion prevents it 
responding to a stimulus applied to the sympathetic trunk, and it will 
be remembered that if the sympathetic be stimulated below a lumbar 
ganglion to which nicotine has been applied, although no effect is 
obtained from the nerve-fibres of this ganglion an effect will still be 
obtained from the nerve-fibres of the ganglion above it. 

If cocaine hydrochlorate (1 or 2 p.c.) be applied to a short stretch 
of nerve centrally of the point stimulated, the reflex is abolished. The 
very limited extent to which the exciting currents spread along the 
nerve—proper precautions being taken—is also shown by the absence 
of effect, even in the area of the ganglion immediately above or below 
the point stimulated, when the efferent fibres from the spinal cord have 
degenerated. And lastly the absence of escape current is shown in the 
normal state, by the absence of pilo-motor effect when the splanchnic 


nerve or other similar strand’ is stimulated close to the sympathetic 
trunk. 


1 For experiments on the effect of stimulating the central end of the annulus of 
Vieussens see Cinguantenaire de la Société de Biologie (Volume Jubilaire), 1899, p. 220. 
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THE MECHANISM OF THE REFLEX DEDUCED FROM THE EXPERIMENTS 
GIVEN ABOVE. 


The experiments given above show that the reflex involves the 
pre-ganglionic efferent fibres, The only way in which these fibres can 
in the circumstances be involved in bringing about a reflex is that 
already suggested by Anderson and myself, viz. by the single nerve- 
fibres sending branches to more than one ganglion. On stimulating 


the central end of any one branch, the nervous impulse spreads to the 


more central branches, and thus to nerve-cells in the ganglia to which 
these branches run. 

This view explains all the results obtained. Thus the ee 
which follows section of the sympathetic just below the ganglion 
stellatum, does not diminish the reflex in the upper thoracic sympa- 


thetic region, because the efferent fibres which ascend in the upper 


part of the thoracic sympathetic remain intact. And the degeneration 
which follows section of the lumbar sympathetic below the last white 
ramus containing spinal pilo-motor fibres, does abolish the reflex below 
the point of section because efferent spinal pilo-motor fibres are in this 
case included in the fibres which degenerate. 

Actions of the kind here spoken of, I have called pseudo-reflex or 
“axon-reflex'” actions. The latter term is I think the better, as it is 
both descriptive and accurate. 

We may, then, state the general conclusion at which we have 
arrived thus: The pilo-motor reflexes obtainable from the 
sympathetic chain are pre-ganglionic axon-reflexes. 


THE CONNECTIONS OF SINGLE PRE-GANGLIONIC NERVE-FIBRES IN 
THE SYMPATHETIC. 


The axon-reflex helps us to a more accurate knowledge of the 
highly complex connection which exists between the spinal cord and 
the sympathetic ganglia. Stimulation of the several spinal nerves in 
the vertebral canal gives a means of determining to which ganglia each 
spinal nerve sends nerve-fibres, but it does not allow a conclusion to be 
drawn as to whether each single fibre runs to one ganglion only or to 


1 British Assoc. Adv. Sci. Reports, 1899, Presidential Address in Physiology; Cinguan- 
tenaire de la Société de Biologie, 1899; Ricerche di Fisiologia e Scienze aſini dedicate al 
Prof. Luciani, 1900. ; 
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several, or to all the ganglia supplied by the spinal nerve. The 
axon-reflexes afford a first approximation towards a knowledge of the 
connection of the nerve-fibres. 

The extent of the axon-reflexes in a given part of the sympathetic 
shows the maximum number of ganglia with which any fibre in that 
part is connected. It is no doubt true that if one or two fibres only 
were stimulated, no visible effect might be produced. On the other 
hand, it is to be remembered that in a given area, a few hairs only may 
be moved by a given stimulation, all the rest being quiescent; this 
may be taken as meaning that each pilo-motor cell of a ganglion 
supplies chiefly at any rate a small group of hairs or even a single hair ; 
and as the hairs can move separately, the stimulation of even a single 
pre-ganglionic fibre may produce visible results. And it is I think 
certain that if any efferent fibres on stimulation produce no visible 
effect, their number can only be small; and to neglect them will not 
seriously affect our conclusions as to the general plan of arrangement. 

In considering the Tables given above (pp. 369, 375) as to the extent 
of the reflex, it must not be forgotten that on stimulating: below a 
ganglion in the lumbar region, or above a ganglion in the upper 
thoracic region, the efferent fibres which produce the axon-reflex will 
be connected with one more ganglion than is indicated by the grey 
ramus areas affected in the reflex. Thus if stimulation below the 
4th lumbar ganglion causes a movement of hairs in the areas of the 
4th and 3rd lumbar ganglia, and the movement in the area of the 
3rd lumbar ganglion fails on stimulating below the 5th ganglion, then 
obviously, the fibres which cause a movement by way of the 3rd lumbar 
ganglion must end in the 5th ganglion, and the pre-ganglionic fibres 
must run to the 5th as well as to the 4th, and 3rd ganglion. 

It is, I think, clear from the results which have been given above 
that the pre-ganglionic pilo-motor fibres which run down- 
wards in the sympathetic end as a rule in three consecutive 
sympathetic ganglia. | 
The arrangement may be represented diagrammatically as in 
Fig. 3. 

If this arrangement were rigidly adhered to, we should on stimulat- 
ing below any given ganglion (as IV), stimulate twice as many branches 
passing to the ganglion immediately above (IV), as branches passing to 
the ganglion next but one above (III). And we have seen in fact, that 
the hair-movement in the area immediately above the point stimulated 
is greater than in the area of the ganglion next but one above. The 
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arrangement however, is in all probability, not so regular as in the 
diagram, for more nerve - fibres may run to a 988 set of three ganglia 
than to the adjoining sets. 


1 i IL 
y 
1 y 
1 J 
I I J 
J 
Fig. 8. 


I have called attention above (p. 370) to the curious state of things 
which exists in the lowermost lumbar region. Normally, stimulation 
below the 6th ganglion gives nearly as good a reflex effect from the 
4th ganglion as stimulating below the 5th ganglion, and the effect from 
the 4th ganglion is not obtained by stimulating below the 7th ganglion. 
This must mean that a considerable number of fibres send branches 
to the 4th, 5th and 7th ganglia, so that here the symmetry of the 
arrangement existing in a large part of the sympathetic above this 
is lost. 

With regard to the 6th ganglion, certain possibilities present them- 
selves. The nerve-fibres might pass by the 6th ganglion without 
sending fibres to it; or they might send branches to it which end free ; 
or they might send branches to it which end in connection with 
nerve-cells, not pilo-motor nerve-cells. 

We have seen that the difference of the reflex effect in the 4th 
ganglion, obtained from the sympathetic above and below the 6th 
ganglion, is broadly speaking less the fewer pilo-motor fibres given 
off by the ganglion. We may assume that the number of pilo-motor 
fibres given off by the ganglion represents the number of pilo-motor 
cells in the ganglion, for if the cells were unfunctional they would 
probably atrophy. We may conclude then, that the more pilo-motor 
nerve cells the 6th ganglion contains, the more fibres there are 
which give branches to the 5th and 6th ganglia without passing on 
to the 7th, and that the fewer pilo-motor cells the 6th ganglion 
contains, the more fibres there are giving branches to the 4th, 5th 
and 7th. | 
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And we may I think fairly conclude from this that most of the 
fibres which pass on to the 7th ganglion do not send branches to 
nerve-cells in the 6th ganglion. There is some direct evidence on 
this point. On stimulating below the 6th ganglion, the reflex is 
usually much stronger from the 4th ganglion than from the 6th, so 
that some fibres which are connected with the 4th and 7th ganglia 
are not connected with the 6th. These fibres would then conform 
to the usual type of the fibres in the lumbar sympathetic, and end 
in three ganglia only. The ganglia in this case are not consecutive. 
The arrangement is represented in the diagram, Fig. 4. With such an 
arrangement, stimulation below the 6th ganglion would obviously give 
the same reflex effect as stimulating below the 5th ganglion. 
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Fig. 4. 


The general rule for the arrangement of fibres in the lumbar 
sympathetic is then as follows :— | 

Each nerve-fibre sends branches to three ganglia, the 
ganglia are consecutive if there are a sufficient number of 
nerve-fibres of the same class in each ganglion; if there are 
not a sufficient number of such nerve-cells in any one 
ganglion, fibres roughly proportional in number to the de- 
ficit pass on to the next ganglion which has such nerve- 
cells. 

But this rule cannot I think be regarded as absolute. We have 
seen that there is evidence that in some cases a reflex may be obtained 
from three ganglia above the point stimulated, although all the ganglia 
have a considerable number of pilo-motor nerve-cells, and this I have 
taken as indicating that a few fibres may send branches to four con- 
secutive ganglia. 

I do not propose to discuss these complications now, but 1 may 
point out that the axon-reflexes afford the only means we have of 
obtaining any knowledge with regard to them. 
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It is possible there is another factor in the matter, really an extension of that already 
mentioned. The ganglia supply areas of different size, and have a varying number of 
pilo-motor nerve-cells, The primary nerve-branch to a ganglion no doubt divides into 
many secondary and tertiary branches. If the number of pilo-motor nerves in a ganglion 
has an influence on a nerve-branch as to whether it ends in a ganglion or passes on, it may 
influence the branching of the nerve in another way. When the number of nerve-cells is 
small compared with the number of branches, fewer secondary branches may be formed, and 
the terminal branch of the nerve may form more branches, and some of these—in a manner 
analogous to the fibres passing by the 6th ganglion—may grow out to an additional gang- 
lion. Thus whether the nerve supplies 1, 2, 3 or more ganglia might be to a certain 
extent dependent on the number of nerve-cells in the ganglia to which it passes. 


The ascending fibres of the thoracic region end, as a rule, in a 
greater number of ganglia than do the descending ones of the lower 
thoracic and of the lumbar region; some of the fibres about the level 
of the 8th thoracic ganglion have the maximum connection, sending 


branches to all the ganglia above inclusive of the ganglion stellatum, 


that is they send branches to five and in some cases to six ganglia, 
in addition to the compound ganglion stellatum. 

The axon-reflexes throw some light upon the distribution in the 
sympathetic ganglia of the nerve-fibres of each nerve-root. Thus 
to select a simple case—it was found in a particular experiment that 
stimulation of the Ist lumbar nerve in the vertebral canal produced 
movement of hairs in the areas of the first five lumbar ganglia, the 
effect being greatest in the areas of the 3rd and 4th ganglia, less in 
the areas of the 2nd and 5th ganglia, and least in the area of the 
Ist lumbar ganglion. The relative proportions of the fibres running 


to the several ganglia . _ be represented as in the diagram, 
Fig. 5. 


xr 


Fig. 5. Diagram of probable distribution of the pilo-motor fibres of the 
Ist lumbar nerve. 


A question which naturally presents itself here is:— Are the fibres 
which issue from the spinal cord to run to any one nerve arranged 
in order, so that the uppermost fibres run to the uppermost three 
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sympathetic ganglia, the next to the next three, and so on. In one 
or two trial experiments with the 2nd lumbar nerve-roots, I found 
that on weak stimulation the uppermost roots gave hair- movement 
in the region of the uppermost ganglia, and the lowermost nerve-roots 
gave hair-movement in the region of the lowermost ganglia, but that 
as the strength of the stimulus was increased, the movement was less 
and less localized. The short length of the nerve-roots in the cat 
makes it difficult if not impossible to map out the distribution of the 
several small bundles. More accurate results may perhaps be obtained 
in the dog. 

If, as we should expect, the fibres of the nerve-roots pass in series 
from above downwards to a more posterior series of ganglia, we have 
to face the remarkable fact that the lowest nerve-root of any one lower 
thoracic or lumbar segment passes to a more posterior series of sym- 
pathetic ganglia than the highest nerve-root of the segment next below. 
Thus for example the lowest nerve-root of the 1st lumbar nerve might 
pass to the three sacral ganglia whilst the highest nerve-root of the 
2nd lumbar nerve might pass to the 3rd, 4th, and 5th lumbar ganglia. 

Further if this is the case, what happens in the different ar- 
rangements of the nerves which we speak of as anterior, median 
and posterior? The customary view of these arrangements is, taking 
the median arrangement as a starting point, that the uppermost roots 
of the segment pass out in the nerve of segment above in the anterior 
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Fig. 6. For the sake of simplicity the nerve is supposed to be made up of four successive 
rootlets running in the median arrangement (M) to successive ganglia (I, II etc.). 
In the anterior arrangement (A) the highest nerve root in M passes in the nerve above. 
In the posterior arrangement (P) the lowest root in M passes into the root below. 
In either case the root transferred is asymmetrical with the rest. 
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arrangement, and the lowermost roots of the segment pass out in the 
nerve of the segment below in the posterior arrangement. 

Adopting this view we see that with an anterior shift of nerves 
the lowest root of a given nerve, being really the highest root of the 
segment below, should run to a higher series of ganglia than the roots 
immediately in front of it; and that with a posterior shift of the 
nerves, the highest root of the segment would run to a lower series of 
ganglia than the roots immediately following it. The difficulty may 
be made clearer by reference to the diagram, in which the connections 
are reduced to a simple form. | 

Experiment upon the nerve-roots of the dog may be expected to 
settle the question, whether any asymmetry occurs in the distribution 
of the nerve-roots. If such asymmetry occurs, it will give a basis for 


determining which arrangement of nerves corresponds to the true spinal 


segments. If it does not occur, we can only suppose that the nerve- 
fibres have a very extended ganglionic connection in the embryonic 
condition, and that the limitation in the connection of the several 
fibres is the result of a physiological — occurring in the 


course of development. 


NOTES ON SOME OTHER AXON-REFLEXES, OTHER THAN PILO-MOTOR. 7 


The ganglia of the sympathetic trunk supply not only the un- 
striated muscles of the hairs, but also the blood vessels of the skin. 
I have shown that the distribution of the vaso-motor fibres of a given 
spinal nerve differs only from that of the pilo-motor fibres in being 
as a rule a little more extensive. We might then expect that on 
stimulating any part of the sympathetic trunk an axon-reflex would be 
obtained on the blood vessels of the skin, just as it is obtained on the 
hairs. That in fact is the case. If the skin be turned back, and the 
sympathetic stimulated, the small arteries disappear from view, and 
the skin becomes quite pale in the regions in which the pilo-motor 
reflex is obtained. The presence of arterial anastomoses often makes 
the contraction more marked, for there may be complete contraction up 
to a particular point of the anastomosing vessel—coinciding with the 
hair-movement on the outer surface of the skin—and the vessel may 
be little, or not at all, affected past this point. As a rule the vascular 
constriction has appeared to me somewhat more extensive than the 
erection of hairs; thus on stimulating below the 6th lumbar nerve, the 
hair-muscles and the arteries in the skin region of the 5th and 4th will 
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be affected, but there may be ee pallor on the area of the 
Zrd nerve without movement of hairs. But my observations on this 
point are too few to enable me to say definitely more than that a 
vaso- motor axon- reflex is obtained in the regions in which there is a 
pilo-motor axon- reflex. It may be noted however that the vaso- motor 
reflex is obtained in the lateral skin regions in which no erection of 
hairs takes place. | | 

From the lower sacral region of the cord axon-reflexes can be 
obtained on the external generative organs, but as I have said above, 
the variations which occur in the ganglia and grey rami in this region 
do not make it a satisfactory field of observation. 

Some time ago’, I mentioned an experiment on the accessory 
cervical ganglion, which I now think showed the existence of a pilo- 
motor axon-reflex. At the time this explanation did not occur to me. 
In this experiment stimulation of the cervical sympathetic both above 
and below the accessory cervical ganglion caused erection of hairs in 
the upper cervical region. On applying nicotine to the ganglion, no 
effect was obtained on stimulating either above or below. After an 
interval both regions were again effective. As the evidence is against 
the existence of efferent fibres passing from the cranial nerves to the 
cervical sympathetic, I conclude that some of the pilo-motor fibres 
on their way to the cervical sympathetic sent branches to the accessory _ 
cervical ganglion. I have tried to make further experiments on the 
accessory cervical ganglion, but in all the cases—more than a dozen— 
in which I have looked for it with a view to experiment, it has been 
absent. 


SUMMARY AND GENERAL CONCLUSIONS. 


. Cat. On stimulating any point of the lumbar sym- 
pathetic from the Ist to the 6th ganglion, an erection of hairs occurs 
constantly in the dorsal skin areas of the two ganglia immediately 
above the point stimulated. The ganglia usually send some pilo-motor 
fibres to the spinal nerve of the segment immediately above its own, 
by way of the white ramus of the nerve, so that if the white rami are 
intact, a movement of hairs will commonly occur in the areas of three 
grey rami even though the nerve-cells of two ganglia only are involved. 
In the upper lumbar region, two ganglia may fuse together, and the 


1 This Journal, xv. p. 199. 1893. 
PH, xxv. 29 
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white rami of two spinal nerves above may join the sympathetic close 
to the compound ganglion; in such case each white ramus may receive 
some pilo-motor fibres from the ganglion, and the reflex erection of 
hairs may occur in the areas of four grey rami. The movement of 
hairs which occurs by means of fibres taking the course of the white 
rami is never strong, and it is usually confined to a narrow strip 
bordering the middle line. 

Occasionally when the white rami are cut, the reflex is obtained in 
the areas of three rami, though it is but slight and partial in the upper- 
most of the three; this indicates that occasionally the reflex may 
involve three ganglia above the point stimulated. 

The 6th lumbar ganglion hardly ever sends any pilo-motor fibres 
by its grey ramus, but it commonly sends a few—varying in number in 
different cases—to the skin area of the 5th grey ramus; these usually 
at any rate pass to the 5th nerve by the white ramus of this 
nerve. The reflex effect of stimulation of the sympathetic below 
the 6th ganglion is nearly the same as that produced by stimulating 
it below the 5th ganglion, and broadly speaking, the result is more 
nearly the same the fewer the pilo-motor fibres given off by the 
6th ganglion. Thus on stimulating below the 6th lumbar ganglion, 
the hairs may move in two grey ramus areas only (4th and 5th), 
although the nerve-cells in three ganglia are excited (4th, 5th, 6th). 

A similar reflex occurs in the sacral and in the lower thoracic regions 
of the sympathetic and the extent of the reflex—so far as the expe- 
riments go—is ordinarily the same, as in the lumbar region. 

On stimulating the thoracic sympathetic just below the ganglion 
stellatum an erection of hairs occurs in the dorsal skin areas of the 
ganglia below about as far as the 8th thoracic. The effect is slight in 
the 7th and 8th areas, and stronger in the 4th and 5th than in the 6th. 

On passing the electrodes down the thoracic sympathetic, the effect 
becomes stronger in the 7th and 8th areas, but as a rule no additional 
area is introduced until the 6th thoracic ganglion is stimulated ; in the 
mid-thoracie region the reflex involves two or three ganglia only, i. e. it 
is of much the same extent as in the lumbar region. 

The reflex effect can be obtained with interrupted shocks which are 
not or are barely felt on the tip of the tongue. 

Nicotine—0'5 to 1 p..—when applied to a ganglion abolishes the 

reflex effect from that ganglion. | 
I be reflex effect does not involve the spinal cord or the spinal 
ganglia, for it is unaffected by severing all connection of these with the 
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sympathetic ganglia. It is not produced by commisural fibres between 
the sympathetic ganglia; for an operation which would cause such 
fibres—if they exist—to degenerate, does not affect the reflex. 

An operation which causes degeneration of all the pilo-motor fibres, 
or of the efferent fibres only, proceeding from the spinal cord to a series 
of sympathetic ganglia, abolishes the reflex so far as those ganglia are 
concerned. Thus the reflex is brought about by impulses passing 
centripetally along pre-ganglionic efferent fibres, which, on their 
part, excite nerve-cells in one or more sympathetic ganglia. Such an 
effect may be spoken of as an axon-reflex from pre-ganglionic nerve- 
fibres or shortly as a pre-ganglionic axon-reflex. 

Pre-ganglionic axon-reflexes may also be obtained in the unstriated 
muscles and blood vessels of the external generative organs, and on the 
blood vessels of the skin, and probably in all the tissues supplied with 
nerve fibres by the ganglia of the trunk of the sympathetic. 

Dog. In the lumbar region of the dog the pilo-motor reflex is 
more extensive than in the cat. The 5th, 6th and 7th lumbar 
ganglia may send no pilo-motor fibres to their respective grey rami ; 
when this is the case, the reflex effect obtained as the stimulating — 
electrodes are passed upwards from a point below the 7th ganglion to a 
point below the 5th ganglion does not very greatly increase. When a 
ganglion sends pilo-motor fibres to its grey ramus, there is a considerable 
difference in the reflex effect obtained by stimulating above and below 
the ganglion. 5 

General conclusions. Each efferent nerve-fibre (pre-ganglionic nerve- 
fibre) passing from the spinal cord to the sympathetic divides into 
branches, and supplies several, probably many, nerve-cells. 

The nerve-fibres which run to compound ganglia, as the superior 
cervical ganglion, the ganglion stellatum, the coccygeal ganglion, may 
send all their branches to one ganglion. The fibres which run to single 
segmental ganglia, send their branches to more than one ganglion. 
In the lower thoracic, the lumbar, and the sacral regions of the 
sympathetic in the cat, the great majority of the fibres send branches 
to three ganglia, a few send branches to four. In the corresponding 
regions in the dog, the single nerve-fibres appear commonly to send 
fibres to four ganglia and occasionally to more. In the upper cervical 
region, many of the pre-ganglionic fibres run to five or six ganglia in 
addition to the compound ganglion stellatum. 

The ganglia to which a single nerve-fibre gives branches are ordinarily 
consecutive. But if a ganglion contains no nerve-cells of a given class, 
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the fibres of this class will ordinarily pass over the ganglion without 
making connection with it, and send their branches to the next ganglion 
peripherally which does contain nerve-cells of the given class. 
Stimulation of a pre-ganglionic fibre at any part of its course sets 
up a nervous impulse’ which travels to all the branches of the fibre and 
stimulates the nerve-cells with which the branches are connected. 
Thus stimulation of a fibre peripherally of one or more branches will 
excite nerve-cells in one or more ganglia centrally of the point stimu- 
lated, and will produce a pre-ganglionic axon-reflex. The results I 
think support the view I have previously put forward, viz. that no 
reflexes save axon-reflexes occur from the ganglia of the sympathetic 
system ; this question however I shall return to in a later paper. 
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THE INFLUENCE OF SODIUM SALICYLATE ON 
GENERAL METABOLISM. By FRANCIS W. GOOD- 
BODY, M.D. M. R. C. P., Assistant Professor of 
Chemistry, University College, London’. 


(From the Department of Pathological Chemistry, Unwersity 
College, London.) 

Or late years metabolism, in both normal and pathological conditions, 
has attracted an increasing amount of attention, and this method 
of studying the influence of drugs on the metabolic changes in both 
healthy and diseased tissues has yielded valuable results to the 
physician. 
| Since sodium salicylate is employed in such a large number of 

morbid states it occurred to me that it would be of interest, in inves- 
tigating its influence on the excretion of uric acid, to carry out the 
work more thoroughly, so as to see its influence, if any, on general 
metabolism. This was all the more important since, notwithstanding 
the popularity of the drug, there does not appear to have been any 
observation of its influencé on general metabolism, and only one 
mention of it is made in “A Digest of Metabolism Experiments,” in 
which are summarised nearly all the experiments in metabolism which, 
up to the present, have been performed. 

Germain, who first studied the effect of salicylates, believed that 
they favour the elimination of uric acid from the organism, a view 
which has also been held by Dyce Duckworth®, A. Haig®, and 
Lecorché®. | 

The latter two observers state that the increased elimination of 
uric acid lasts only for a few days, and then the quantity excreted sinks 
to the normal. 

Néel Paton® found that this drug diminished the excretion of 
uric acid; while Latham believes that it prevents the formation of uric 
acid, thus directly contradicting the views of Haig and Lecorché. 


1 Towards the expenses of this research a grant was made by the Scientific Grants 
Committee of the British Medical Association. 
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C. Virchow found that sodium salicylate caused an increased 
destruction of protein, his researches being performed on dogs. 
Lecorché” found also that the excretion of urea was increased during 
the administration of sodium salicylate; while Haig, on the other hand, 
does not agree with this statement. Dyce Duck worth“ states that 
it is a powerful hepatic stimulant, so that one would expect that, in 
all probability, it would have some effect in increasing the formation 
of urea. 

It is thus seen that there is such a divergence of opinion on the 
effect of sodium salicylate on metabolism that some further investi- 
gation appears to be advisable. 7 

For the purpose of this investigation two individuals were taken 

One (A) had a tendency to excessive excretion of uric acid, as well 
as a tendency to gravel. 3 

The other (B), so far as could be ascertained, was perfectly free 
from any hereditary tendency to gout. 

They were kept, as nearly as possible, constant on the same diet 
and mode of life—that is to say, the daily amount of out-door exercise 
was practically the same, although the number of hours in which they 
were engaged in laboratory work necessarily varied slightly. 

The diet was in great part separately analysed, as regards fat and 
nitrogen: that is to say, the meal, oatmeal, biscuits, and milk were 
separately analysed, while in the haricot beans, eggs, and butter, the 
quantity of fat and nitrogen was estimated by Kénig’s Tables. In 
order that the meat should remain of a constant standard, a large 
quantity of finely minced beef-steak was taken, and each daily quantity 
weighed out in a beaker, and sterilised. Three mixed samples of this 
diet were separately analysed, and the average thus obtained used in 
the calculations. 

In all cases of the other diets the same method was employed, 
except that they were not sterilised. A definite quantity of water was 
taken daily, so that this did not vary throughout the experiment. The 
food for each meal was separately weighed out and prepared, so as to 
avoid error, as far as possible. 

As far as the analysis was concerned the total twenty-four hours’ 
urine was daily collected, the fœces were isolated at each period, by 
means of taking powdered charcoal at 8 a. m., and collecting up to the 
reappearance of the charcoal. Each separate day the faeces, as well as 
the urine, were analysed, and two or three analyses were made before 
striking an average. The total nitrogen was estimated by Kjeldahl's 
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method. The urea was roughly estimated by the Hypobromile method, 
so as to get a rough indication of how the patient was behaving, while 
a more accurate estimation was done by the method of Mérner 
Sjöquist. 

In the first experiments the quantity of uric acid was daily esti- 
mated by both the method of Salkowski and that of Gowland 
Hopkins; but, as these analyses so closely tally, in the latter ex- 
periments the Gowland Hopkins method only was employed. The 
quantity of ammonia in the urine was estimated by Schlösing's 
method. 

In the examination of the feces the daily quantity was weighed, 
and then a little dilute sulphuric acid poured over it, so as to fix any 
ammonia which might be lost in the drying process. It was then 
dried: first, over a water bath, and later, in an oven at 80°C., to con- 
stant weight. From this the quantity of water and solids could be 
estimated. A given quantity of dried residue was then employed for 
estimating the nitrogen by Kjeldahl’s method, and another quantity 
extracted with ether, in Soxhlet’s apparatus, the first ether extract 
being dried at 65°C, and the dried residue again extracted with absolute 
ether, and dried to constant weight at 65 C. 

In the Tables; the numbers given are, in all cases, the average of 
two or three closely corresponding analyses, so that accuracy, as far as 
possible, was ensured. 


The method of procedure: 


A, during the first six days, took a weighed quantity of diet and a 
measured quantity of water, and, as nearly as possible, the same amount 
of exercise. During the subsequent two periods, in addition to the 
diet, sodium salicylate was taken. In the first place, the quantity of 
sodium salicylate consisted of 1 gramme per diem, divided into three 
doses, and taken after meals. This was continued for four days, and 
then the two series of analyses were done, when 2 grammes of sodium 
salicylate were taken, divided as before, into three doses after meals, 
and continued for a period of nine days. 

The period, during which B took the weighed diet and measured 
quantity of water, and equal amount of exercise, was only four days, 
and as the results obtained in A’s case, on taking 1 gramme of 


1 Tables I. and II. in the appendix give the details of the diet and urinary analysis of 
A and B, and Tables III. and IV. „ 
weight of A and B respectively. 
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sodium salicylate were so indefinite, it was considered advisable to 
give 2 grammes of sodium salicylate, divided as before, during a period 
of nine days. 

It is as well here first to discuss the 1 of sodium salicylate 
on the urinary excretion, and then later on its effects, if any, on the 
feces and absorption. 

In A’s case, during the normal period, the number of calories, per 
kilo body weight, averaged 31:4, the average weight being 79°5 kilos. 
In the period during which 1 gramme of sodium salicylate was taken 
per diem the average number of calories rose to 31°6, the average body 
weight falling to 79°0 kilos ; while during the period in which 2 grammes 
of sodium salicylate were taken per diem the average number of calories 
was 31°7 per kilo, and the average body weight showed a still further 
slight diminution to 78°8 calories. 

The slight increase in the number of calories per kilo, calculated 
from the body weight, is probably due to the fact that the individual 
was living slightly on his tissues, owing to the insufficient quantity of 
carbohydrates in the food. 

During the experiments on B, care was taken that an increased 
quantity of carbohydrates per kilo body weight should be given, and 
here we find that the average number of calories per kilo body weight, 
during the normal period, was 36°8 and the average weight was 
69°9 kilos. During the period in which 2 grammes of sodium salicylate 
were taken per diem, the number of calories per kilo fell to 36°6, while 
the average weight rose to 70°4 kilos. The small fluctuations in the 
two cases may, however, be ignored, as judging from the results, the 
effect of the sodium salicylate is the same, whether there is a slight 
decrease or increase in the weight, — the periods when this drug 
is taken. 


THE INFLUENCE OF SODIUM SALICYLATE ON THE SPECIFIC GRAVITY 
OF THE URINE. 


A, during his normal period of six days, took 2,000 C. c. of water per 
diem, and the quantity of urine varied from 1240 c.c. to 1920 c.c., the 
average being 1492 cc. The average, in all probability, ought to have 
been less, because on the fifth day the quantity, 1920 c.c., appears almost 
excessive, 

This individual, during other periods in which experiments were 
done, as a rule passed a quantity nearer to 1200 cc. or 1500 cc. At 
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the same time, as this day was kept in account, the quantity must be 
mentioned. 

The specific gravity is seen, in the Table, to vary from 1016 to 1022. 
When we leave out the exceptional case, when it is 1016, we find that 
the specific gravity is very constant, the average being 1020. 

Now, on the addition of 1 gramme of sodium salicylate, during the 
next four days, on exactly the same diet and quantity of water, the 
urine varied from 1400 c.c. to 1520 c.c., so that the average 1473 cc. 
here is really somewhat lower than during the normal period, although 
on no occasion was the daily quantity so low as during the normal 
period, when, on one occasion, it was 1240 c.c. The specific gravity 
varied from 1020 to 1023, yielding an average of 1021. 

In the preceding case on no occasion was the specific gravity so 
high as 1023, thus showing that the tendency is for the specific gravity 
slightly to rise. 

Now, for a period of nine ee no less than 2 grammes of sodium 
_ salicylate were taken per diem, and during this time the urine varied 
from 1330 c.c. to 1920 C. c., and although the majority of days varied 
between 1500 c.c. and 1600 c.c., the average yielded 1540 c.c. 

B, during the normal period of four days, took a definite diet, and 
1600 c.c. of fluid, and the quantity of urine varied from 960 c. c. to 
1560 0. 0., the average being 1255 c.c., while the specific gravity varied 
from 1016 to 1025, the average being 1021. During the following nine 
days the same quantity of fluid was taken, and in addition, 2 grammes 
of sodium salicylate per diem, and the urine varied from 1100 c.c. to 
1740 c.c., the average being 1291 c.c; and the specific gravity varied 
from 1018 to 1027 averaging 1024. 

In this case also there was a higher sania gravity found during 
the time that sodium salicylate was administered, though the lowest 
quantity of urine passed was 1100 c.c. as against 960 c.c. in the rormal 
period, on which occasion the specific gravity was 1025. 

It seems from this that it can be pretty definitely stated that 
2 grammes of sodium salicylate tend to increase the quantity of urine. 

In A’s case, the average increase in the specific gravity, when 
2 grammes of sodium salicylate were taken, rose from 1020 to 1022; 
while in B's case, the rise in specific gravity was from 1021 to 1024. 
We may, therefore, conclude that, so far as water and solids in the urine 
are concerned, sodium salicylate tends to increase the quantity of water 
eliminated in the urine, and, still further, to increase the quantity of 
total solids. This point alone is of interest, as I am not aware that it 


— 
* 2 
1 
iq * 
* 
7 
BS 
* 
+ 
“4 
v= 
* 
a 
. 
ag 


404 F. W. GOODBODY. 


has been before investigated, when absolutely the total amount of water, 
in cooking and diet, has been kept constant. 
In this case we have no disturbing influence in the drug, causing 


one to take an increased quantity of water, and the only influences 


which come to bear are those which it is not possible to regulata, such 
as changes in temperature, etc. 


INFLUENCE OF SODIUM SALICYLATE ON THE EXCRETION OF TOTAL 
| NITROGEN IN THE URINE. 


During the first six days of the experiment in A’s case the daily 
estimation of total nitrogen showed a quantity varying from on the 
first day 18°27 grammes, to no less than 22°26 grammes. However, the 
average of the six days was 21°51 grammes, there being a tendency for 
the quantity to vary about 22 grammes. 

During the next period of four days 1 gramme of sodium e 
was taken per diem, and the quantity of total nitrogen passed in the 
urine varied from 20°01 grammes to 25°29 grammes, yielding an average 
of 22°88 grammes. 


Thus there is a tendency to an increase in the quantity of total 
nitrogen eliminated in the urine, by the administration of 1 gramme of 


sodium salicylate per diem. 

During the period when 2 grammes of sodium salicylate were taken 
per diem the quantity of total nitrogen, excreted during the nine days, 
varied from 21°72 grammes to 27°50 grammes, the average being 
23°85 grammes. In spite of this great variation it really was not so 
great as is apparent, for on looking over the Table it will be seen that, 
in fact, only these two analyses differ, the others being very closely 
approximate to 23 and 24 grammes; so that the average, in spite of 
these two days differing so much, was only 23°85 grammes, showing 
that the increased dose of sodium salicylate caused still further increase 
in the total output of nitrogen per diem. 

During the normal period of four days the quantity of total nitrogen 
in Bs case varied from 14°46 grammes to 17°78 grammes, the average 
being 16°82 grammes. 

During the next nine days 2 grammes of sodium salicylate were 
taken per diem, and the quantity of total nitrogen eliminated varied 


from 1728 to 20°48 grammes, giving an average of 18°81 grammes. 


In considering the excretion of total nitrogen, the first point to be 
considered is the fact that, in both cases, the quantity of total nitrogen 
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eliminated on the first day was very much smaller than the quantity 
eliminated during the other days of the normal period. 

This smaller elimination of total nitrogen appears to be due to the 
fact that the individuals make a sudden change from a varied diet to a 


fixed and weighed diet, and very definite hours of meals. 


I have noticed, in a considerable number of experiments on meta- 
bolism, that this change always occurs, and it appears to be due to the 
fact that the organism does not, on sudden changes of diet, make full 
use of the material provided. 

In A’s case, in all probability, the increased output of total nitrogen 
ought to be even somewhat greater than what is here shown, as the 


patient was steadily losing weight throughout the experiment. Under 


normal circumstances, in this case, there would have been a tendency 
to a slight decrease in the nitrogen output. The normal excretion in 
this case can also undoubtedly be taken as practically constant, for the 
same individual, when experimented on for other purposes, was found, 


under normal circumstances, to excrete practically the same amount as 
here given; so that we may definitely say that the quantity of total 


nitrogen tends to be increased in the urine by the administration of 
sodium salicylate, and this is strongly corroborated by the increase 


noticed in B. 


It is thus seen that the increased specific gravity of the urine, aſter 


the administration of sodium salicylate, may be, in part at least, ex- 


plained by the increased excretion of nitrogen, and that it is not 


entirely due to increase in the salines. 5 


INFLUENCE OF SODIUM SALICYLATE ON THE OUTPUT OF UREA. 


In the next place, the quantity of urea, as given, is estimated by 
the Mörner Sjéquist method, which appears to be the most accurate 
method for estimating the urea itself. 

Taking the experiment on 4 first:—During the first period of 
six days on the normal diet, the quantity of urea varied from 
32˙33 grammes to 42°26 grammes, the average being 38°74 grammes. 
During the next period of four days, when 1 gramme of sodium sali- 
cylate was taken per diem, the quantity varied from 37°82 grammes to 
46°36 grammes, yielding an average of 42°01 grammes. It is thus seen 
that sodium salicylate causes an increase in the quantity of urea, which 
in part explains the increase in the nitrogen. 

During the next period of nine days only eight days u were analysed, 
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as the analysis of the first day was, unfortunately, lost. During this 
time, the daily quantity of urea varied from 39°37 grammes to 
52°28 grammes, the average being 43°44 grammes. 

The excretion of urea, during the four days of B’s normal period, 
varied from 2851 grammes to 33°28 grammes, the average being 


82°09 grammes. 


During the following nine days, in which 2 grammes of sodium 
salicylate were taken, the quantity varied from 31°92 grammes to 
36°54 grammes, the average being 35°13 grammes. | 

In A’s case we thus find that the increasing of the dose of sodium 
salicylate from 1 to 2 grammes leads to an increased output of urea. 
The difference, in these cases, between the normal period and the time 
when 1 gramme of sodium salicylate was taken daily, was no less than 
3°27 grammes, while the increase of the sodium salicylate to 2 grammes 
per diem led to an increase, over the 1 gramme period, of 1°43 grammes, — 
while the increase of urea excreted during the period when 2 grammes 
of sodium salicylate were taken was no less than 4°70 grammes over 
the normal period. 

A similar increase occurs in B's case, where we find that the 
average increase in the amount excreted, while 2 grammes of sodium 
salicylate were taken per diem, was 3:04 grammes over the normal 
period. 

It would thus appear, from these results, that the increase of urea 
output is due to the action of the drug as an hepatic stimulant. It 
will be later seen that practically the entire increase in the quantity of 
total nitrogen is due, not to the increase of uric acid excreted, but to 
the increased quantity of urea. In consequence of the possibility of 
the hepatic stimulant coming into play, the analyses on the daily 
quantity of ammonia excreted are of considerable interest. 


THE EFFECT OF SODIUM SALICYLATE ON THE OUTPUT OF AMMONIA. 


Drechsel“ showed that the precursor of urea formation was, in all 
probability, carbamate of ammonia, while it has been shown by Hahn, 
Massen, Nencki, and Pawlow™ that, in dogs with an Eck’s fistula, 
whereby the blood is made to flow from the portal vein into the inferior 
cava, the liver undergoes a slow degeneration, and the animals suffer 
from poisonous symptoms, resembling coleemia. In these dogs the urea 
slightly diminishes, and the ammonia carbamate increases. 

It thus appears that the poisonous — were due to the 
ammonia carbamate. 
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It appears pretty certain that ammonia carbamate is the precursor 
of urea formation, and that this formation of urea takes place principally 
in the liver. 

It, therefore, appeared of interest to see how the ammonia behaved 
in the urine of a patient taking sodium salicylate. 

The normal urine of a man contains always a small quantity of 
ammonia, this ammonia having been fixed by acids which have been 
formed in the breaking up of the proteids in the organism. At the 
same time, if the liver functions are interfered with, there ought to be 
a tendency to an increased formation of ammonia, and a decrease of 
urea. 

We have already seen that sodium salicylate causes an increased 
quantity of urea, and therefore one would hardly expect an increase of 
ammonia, unless there was an increased formation of acids, which re- 
quired to be neutralised by the ammonia in the blood. 

Coranda™ showed that the quantity of ammonia excreted varied 
in the individual, whether he was feeding on meat or on vegetable diet. 

The normal period here is to be considered as only the normal 
quantity of ammonia on this diet. 

In A’s case, it is seen that, during the first two days, the quantity 
of ammonia was extremely small, only 0°058 grammes and 0°056 grammes, 
after which it rose to a rough normal. 

The small quantity at the commencement is, no doubt, due to the 
individual, before the experiment commenced, living largely on 
vegetables. 

During the following four days the quantity was more than doubled. 
It would appear, therefore, that it is not quite fair to strike the normal 
average from the whole six days. At any rate, whatever the quantity 
of ammonia excreted per diem, it is less than 0°2 grammes, 

During the four days when one gramme of sodium salicylate was 
taken per diem, the quantity of ammonia was only analysed on three 
days, as the analysis was lost on the fourth day. During this period 
there was a marked increase in the quantity of ammonia excreted, the 
average being 0°263 grammes. During the next period of nine days 
only four days’ analyses were completed. In the four days’ analyses for 
some unknown reason, the quantity of ammonia excreted on the last 
date was very much higher than on any of the others, The quantity, 

however, as estimated by the average, is seen to be 0368 grammes, 
when 2 grammes of sodium salicylate are taken per diem. 
Turning now to B we find that, during the normal period of 
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four days, the excretion of ammonia varied from 0°328 grammes to 
0°360 grammes, the average being 0°304 grammes. 

During the period when 2 grammes of sodium salicylate were 
administered the analysis was made only on eight days, as on the 
first day the analysis was lost. The quantity of ammonia eliminated 
varied from 0342 grammes to 0°578 grammes, the average being 
grammes. 

From these two cases one may say that there is an increase in 
the quantity of ammonia excreted in the urine produced by taking 
1 gramme of sodium salicylate per diem, and a still further increase 
on increasing the dose of sodium salicylate to 2 grammes. This in- 
crease in ammonia in the urine can hardly be explained by a deficiency 
of formation of urea, and an increase in the carbamate of ammonia in 
the urine, as it has already been shown that the excretion of urea is 
increased during the same period. | 

It would seem, in all probability, that the sodium salicylate causes 
an increase in the proteids broken up in the organism, which yields 
acids and thus fix the ammonia of the carbamate of ammonia present 
in the blood, and hinder it from all being converted into urea, and 
that, consequently, there is an increased excretion of ammonia in the 
“urine. 


EFFECT OF SODIUM SALICYLATE ON THE EXCRETION OF URIC ACID. 


Having discussed the ammonia, we now come to consider the action 
of sodium salicylate on the uric acid excreted in the urine. 

One of the principal actions of sodium salicylate is supposed to be, 
in general medicine, that it helps the elimination of uric acid. As has 
been already said, Haig and Lecorché consider that the increased 
elimination of uric acid caused by the drug lasts only a few days; 
while Néel Paton considered that it diminished the excretion of uric 
acid, and Latham believed that it prevented its formation. 

It was thus interesting to see what results were obtained when 
every accuracy was employed in giving constant diet to the individual 
throughout the experiment. 

During the first period, on the diet alone, the quantity of uric acid 
eliminated by A varied from 0615 grammes to 0°809 grammes per 
diem, giving an average of 05679 grammes. 

As is well known, the quantity of uric acid eliminated by healthy 
individuals varies considerably, and not only are there individual 
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differences, but the same individual excretes a varying quantity of 
uric acid, and these diurnal variations cannot be entirely explained by 


diet or exercise. 


The fluctuations shown in the Table are certainly well within the 
normal fluctuations which I have found to occur in other individuals, 
when experimenting on the quantity of uric acid, daily excreted. _ 

During the next four days, when 1 gramme of sodium. salicylate 
was taken, the quantity of uric acid varied from 0°524 grammes to 
0728 grammes per diem, the average being 0°614 grammes, 

It would thus appear that, with the small quantity of sodium 
salicylate, there was a tendency to a decrease in the average excretion 
of uric acid, which would be in favour of Néel Paton’s view. 

During the third period, when no less than 2 grammes of sodium 
salicylate were taken per diem, the quantity of uric acid output varied 
from 0°666 grammes to 1169 grammes, yielding an average excretion of 
0°929 grammes. 

During these nine days, one can distinctly see that there was a 
tendency to an increased output of uric acid, and not only an increased 
output at the commencement, but that this increase continued right up 
to the end. 

ay during the four days’ normal period, excreted a quantity of uric 
acid, varying from 0-738 to grammes, giving an wee 
of 0°779 grammes. 

During the following nine days, while 2 grammes of sodium sali- 
cylate were taken per diem, the excretion of uric acid rose considerably, 
varying from 0°616 grammes to 1356 grammes, yielding an average of 
857 grammes. 

One can say, in conclusion, that the slight decrease, noticed during 
A’s second period, when a small quantity of sodium salicylate was 
taken, might either be due to the normal fluctuations tending that 
way, or that a small quantity of sodium salicylate has no action in 
increased uric acid output. 

On the other hand, the marked increase shown by both 3 
during the following nine days when 2 grammes of sodium salicylate 
were taken, can only be explained by the drug itself acting as an 
eliminator of uric acid, and since this increased elimination continued, 
more or less, during the nine days, it shows, in all probability, that 
there was an increased formation of uric acid; although naturally it is 
difficult to explain why there should be an increased formation of uric 
acid, unless sodium salicylate causes a leucocytosis. 
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One thing i is certain, that these experiments on the urine show that 
sodium salicylate not only has a diuretic action, but that it causes an 
increase in the output of solids from the urine, and that this increase 
in the solids is principally due, not to an increase of salts, but to an 
increase of urea, and to a small extent, to the increase of ammonia and 
uric acid. | 

On considering (see Tables) the effect of sodium salicylate on the 
excretion of nitrogenous compounds in the urine one is struck by the 
marked increase in all the nitrogenous substances analysed, and this 
increase is, apparently, only to be explained by the fact that this drug 
causes a greatly increased breaking up of the proteids of the body. In 
this breaking up, as has already been referred to when considering 
ammonia, some acids are probably formed, which account for the 
increase in ammonia noticed; but the further increase in the quantity 
of total nitrogen and urea excreted shows that these acids only play 
a small part in the process, and that the hepatic cells are stimulated 
to a greatly increased formation of urea, while at the same time, there 
is an increase in the quantity of “nitrogen rest” excreted. This 
increase is probably due to an increased formation of substances 
belonging to the purin group, and it is unfortunate that more attention 
was not paid to the analysis of these bodies; but, in the time at my 
disposal, this was unfortunately impossible. 


THE INFLUENCE, IF ANY, OF SODIUM SALICYLATE ON THE 
DIGESTION AND ABSORPTION OF PROTEIDS AND FATS. 


_ The Absorption from the Intestine. 

In the first place, in those cases where the water and diet remained 
constant it is necessary to note what effect the drug had, if any, on the 
total quantity of feces and water per diem. 

In A’s case, it is seen that, during the first period of six days, the 
quantity of feces varied considerably on the first days, the average 
being 152 grammes per diem. The percentage of water also varied, 
yielding an average of 73°72. 

During the four days, on which 1 gramme of sodium salicylate was 
taken, there was also a considerable diurnal difference in the quantity 
of feces, the average being 117 grammes, while the percentage of 
water, in this case, was 74°02. 

We thus see that there is a slight tendency to a decrease in the 
quantity of feces, but practically no change in the percentage of water, 
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so that it can be concluded that 1 gramme of sodium salicylate has 
little or no effect on the total quantity of water or solids in the feces. 

On increasing the dose of sodium salicylate to 2 grammes per diem, 
the same diurnal variations are continued, the average being 119 
grammes, while the average quantity of water p.c. was 76°82. 

In B's case, during the normal period of four days, the average 
quantity of feeces was 119 grammes, and the percentage of water 
76˙82. 

During the nine days on which sodium salicylate was administered, 
the daily variation in the quantity of feces showed a great increase, 
while the average amount was 95 grammes, and the average quantity 
of water was 70°78 p.c. 

It may thus be concluded that, although sodium salicylate causes an 
increased output of water from the kidneys, there is little, if any, corre- 
sponding drying up of the feces, or vice versd. 

In the next place, we can consider the total quantity of nitrogen 
in the feces. When we remember that the nitrogen of the feces 
represents, not only the “nitrogen rest of the food taken, but also the 
excretion from the intestines, it will be interesting to see if there was 
any increased excretion of nitrogen while sodium salicylate was being 
taken. 

The diurnal variations during the normal period in A’s 
were very considerable, being no less than from 0°84 grammes oe 
272 grammes, yielding an average of 1°93 grammes of nitrogen 
per diem. 

During the period in which 1 gramme of sodium salicylate was 
taken the quantity of nitrogen also fluctuated daily, yielding an 
average of 1°46 grammes, a slight decrease from the normal. 

During the next period of nine days, when 2 grammes of sodium 
salicylate were taken daily, the nitrogen varied from 0°68 grammes to 
3°57 grammes per diem, yielding an average of 2:03 grammes of 
nitrogen daily. 

In B's case, during the normal period, there was also a considerable 
variation in the daily quantity of nitrogen eliminated, the variations 
being from 0°87 grammes to 2°61 grammes, and the average was 1°68 

mes. 

During the period when 2 grammes of sodium salicylate were taken 
daily, the quantity eliminated varied from 083 grammes to 2°75 
grammes, the average being 1°50 grammes, 

We thus see that there is a slight tendency to a decrease in the 
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quantity eliminated, during the period when 1 gramme of sodium 


salicylate was taken, and that in one case, (A), there was an equally 
slight tendency to an increase when 2 grammes of sodium salicylate 
were taken; while B showed a slight diminution during the similar 
period ; so that we may conclude that sodium salicylate has practically 
no effect on the quantity of nitrogen excreted in the feces. 

Turning now to the fat contained in the feces we find the same 
daily variation as we observed in the case of the nitrogen; but these 
are principally due to the daily variations in the quantity of faces 
themselves. The average quantity of fat eliminated A, during the six 
normal days, was 5°76 grammes, During the next four days, when 
1 gramme of sodium salicylate was taken, the average was 4°56 
grammes while, by increasing the quantity of sodium salicylate to 
2 grammes, the average quantity of fat daily eliminated during the 
period was 6°88 grammes. 

We find that, during B's normal period, the average elimination of 
fat was 4°86 grammes while, during the succeeding nine days, in which 
2 grammes of sodium salicylate were taken per diem, the average was 
4°93 grammes; so that it is seen that there is no action of sodium 
salicylate on the elimination of fat. | 

We now turn to the absorption as indicated by the quantity of 
nitrogen and fat excreted in the fœces, and we find that, naturally, the 
diurnal variations are somewhat considerable, as the quantity of faces 
and its constituents vary from day to day. At the same time the 
average in A’s case on the six normal days gives an absorption of 
proteids of 91°78 p.c., while during the four days when 1 gramme of 
the drug was taken, the average is 93°78 p.c. ö 

Again, during the nine days on which 2 grammes of sodium salicylate 
were taken, the average is 91°38 p.c. 

The averages in B's case were practically the same as during the 
normal period. The average absorption was 90°63 p.c.,.while during 
the salicylate period the average was 90°89 p.c. So that it can be said 
that there is no diminution in the absorption of proteids produced by 
the administration of sodium salicylate, and it certainly does not 
hinder in any way either the digestion or absorption of proteid matter. 

As regards the absorption of fats we find that, in A’s case, during 
the normal period 94°93 p.c. was absorbed, while, during the period in 
which 1 gramme of sodium salicylate was taken, no less than 96°17 p. o. 
of the fat was absorbed, and that, on increasing the dose of the drug to 
2 grammes, 94°14 p.c. was absorbed. 
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In B's case, the average absorption during the two periods was 
practically constant being, in the first period 9481 p.c., and in the 
second 94°98 p.c., so that sodium salicylate has, — no » influence 
whatever on the absorption of fats. 


CONCLUSIONS. 
From the above results, we find : | 


(1) That sodium salicylate causes an increase in the quantity of 
urine excreted, and in the specific gravity; the latter increase being 
principally due to the increased elimination of the — sub- 
stances, especially of the urea. 


(2) That sodium salicylate causes an increased teeaking u up of 
proteids in the body. 


(3) That sodium salicylate has no influence on general metabolism, 
8c far as the absorption of proteids and fats is concerned, in spite of its 
known cholægogue action. 
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Taste I. 
Diet | Urine 

2 Carbo. Specitic Uric Am. 

Date Nitrogen Fat hydrates Fluids per kilo Quantity gravity Nitrogen Urea acid monia 
27—28 28°48 113°75 204 2000 31˙5 1240 1020 1827 38439 0-651 0°058 
28—29 28°48 118°75 204 2000 31˙3 1270 1022 21°39 32°33 0°809 0˙056 
29—30 28°48 113•75 204 2000 81°3 1400 1022 2266 42°81 0°718 0°185 
30—1 28°48 118°75 204 2000 31˙3 1590 1020 22°14 40°16 0•651 0˙147 
1—2 23°48 113˙75 204 2000 81°5 1920 1016 22°09 42°26 0°615 0°172 
2—3 23°48 1138°75 204 2000 — 1530 1020 22°52 40°47 0°628 0093 
Average 23°48 113°75 204 2000 31°4 1492 1020 21°51 88°74 0°679 0˙119 

Sodium salicylate, 1 gramme. 

8—4 28°48 118°75 204 2000 3816 1520 1020 22°15 87°82 0°524 0°827 
4—5 28°48 118°75 204 2000 31°6 1520 1020 2408 42°36 0°728 0°219 
5—6 23°48 113°75 204 2000 31°6 1400 1022 2001 40°98 0°667 0°242 

6—7 28°48 113°75 204 2000 81°5 1450 1023 25°29 46°36 0°537 — 
Average 23°48 113°75 204 2000 31˙6 1473 1021 22°88 4201 0°614 6°263 

Sodium salicylate, 2 grammes. 

7—8 23°48 118°75 204 2000 81°6 1920 1018 2172 — 0°666 0°029 
8—9 23°48 113°75 204 2000 81°6 1510 1021 24038 44°69 1°054 ‘03894 
9—10 28°48 118°75 204 2000 — 1420 1023 28°44 44°19 0°993 — 
10—11 23°48 1138°75 204 2000 31°6 1630 1020 28°32 43°37 0°990 90276 

11—12 23°48 113 ˙75 204 2000 81°7 1330 1025 22°85 39°37 0°861 — 
12—18 23°48 113°75 204 2000 31°7 1600 1022 27°50 58°28 1°004 0°109 
13—14 23°48 118°75 204 2000 81°7 1440 1022 23°48 42°55 0°791 — 
14—15 28°48 113°75 204 2000 317 1570 1021 28°94 4193 1°169 0-675 

15—16 23°48 118°75 204 2000 31°7 1400 1024 23°51 41°15 0°839 == 
Average 23°48 113°75 204 2000 81°7 1540 1022 23°85 48°44 0°929 0°297 

Taste II 
Food Urine 

Date Nitrogen Fat hydrates Fluids perkilo Quantity gravity Nitrogen Urea Uricacid monia 
29—30 17°60 92°53 308-7 1600 36°8 1320 1018 1446 28°51 0°738 0°238 
30—1 17°60 92°53 3087 1600 — 1560 1016 17°78 82°06 0766 0°360 
1—2 17°60 92°58 808°7 1600 37°0 960 1025 17°47 82°50 0°792 
2—3 17°60 92°53 308-7 1600 36˙8 1180 1024 17°58 38°28 0°819 0°320 
Average 17°60 92°53 308-7 1600 36°8 1255 1021 16°82 82°09 0°779 0°304 
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: Sodium salicylate 2 grammes. 
3—4 17°60 92°53 308°7 1600 36˙7 1500 1022 19°65 85°25 1356 — 
4—5 17°60 92°53 308°7 1600 36°6 1200 1026 19°08 86°24 0°8388 7°398 
5—6 17°60 92°53 308°7 1600 36°7 1360 1026 20°48 3595 0°957 0°469 
6—7 17°60 92°53 308°7 1600 36°9 1740 1018 1897 36°54 0°772 0°518 
7—8 1760 92°53 3808°7 1600 36˙5 1100 1025 17°49 35•64 0°780 0 342 
8—9 17°60 92°58 3087 1600 86°5 1100 1027 17°98 34°32 0°616 0°366 
9—10 17°60 92°53 808°7 1600 36˙4 1200 1023 17°28 81°92 0°780 0°361 
10—11 17°60 92°53 308°7 1600 36°4 1240 1024 1816 85°12 0°774 6°346 
11—12 17°60 92°58 308-7 1600 — 1180 1023 19°79 35°76 0°894 0°378 
Average 17°60 92°53 308.7 1600 366 1291 1024 18°81 35°13 0°857 0°404 
III. 
Absorbed 
Diet Feces per cent. 
Carbo- Calories Quan- Water 
Date Nitrogen Fat hydrates Fluids per kilo tity percent. Nitrogen Fat Nitrogen Fat kilos 
27—28 23°48 113°75 204 2000 81° 242 77°33 2°58 5°87 8901 9485 79°3 
28—29 23°48 113°75 204 2000 31°3 99 7415 116 2°64 95°06 9768 79°7 
29—30 23°48 118°75 204 2000 31°3 198 75°35 2°72 851 88°44 92°52 79°7 
30—1 28°48 11375 204 2000 3813 156 75°18 1°84 6°75 92°08 | 94°06 79°7 
1—2 28°48 118°75 204 2000 381°5 62 72°56 0°84 2°42 96°43 97°82 79°2 
2—3 23°48 113°75 204 2000 — 156 68°81 2°42 835 89°69 9266 — 
Average 23°48 113°75 204 2000 31°4 152 78°72 193 56°76 91°78 9493 79˙5 
Sodium salicylate, 1 gramme. 
3—4 23°48 113°75 204 2000 81°6 196 76°59 2°28 6°78 90°29 94:04 78˙9 
4—5 28°48 118°75 204 2000 316 147 79°46 1:50 448 93°61 96°06 789 
5—6 23°48 1138°75 204 2000 316 62 71°55 O99 298 95°78 97°39 78˙9 
6—7 28°48 11375 204 2000 31˙5 61 68°50 107 8°21 95°44 97 17 79˙3 
Average 23°48 11375 204 2000 31°6 117 74°02 1°46 4°56 93°78 96°17 79˙0 
Sodium salicylate, 2 grammes. | 
7—8 23°48 113°75 204 2000 316 68 68°87 1°19 38°57 94°89 96°36 789 
8—9 28°48 118°75 204 2000 3816 130 7001 2°15 5°26. 90°84 ‘95°38 789 
9—10 28°48 113°75 204 2000 — 124 69°58 2°07 795 91:18 9808 — 
10—11 28°48 113˙75 204 2000 $81°6 159 71°55 2°49 9°51 89°39 9164 78˙9 
11—12 23°48 113°75 204 2000 31°7 87 86°81 0°68 2°61 97°11 97°70 788 
12—18 28°48 113°75 204 2000 381°7 152 70°37 230 5:12 9021 95°49 78˙8 
18—14 23°48 118°75 204 2000 3817 175 80°74 1°78 8638 92°63 92°41 78˙7 
14—15 28°48 118°75 204 2000 31°7 145 72°39 2°06 6°29 91°22 94:47 78°7 
15—16 23°48 118°75 204 2000 381°7 229 69°80 3°57 10°95 84°79 90°37 78˙7 
Average 23°48 113°75 204 2000 31°7 141 73°24 2°03 6°88 91°38 94:14 78° 
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Taste IV. 


Feces 


Absorbed 


per cent. . 
— — 


Calories - Water W 


1600 368 118 


1600 — 112 
1600 37°0 108 
1600 36°38 140 


95°62 
85°17 
91°99 
89°72 


97°48 
91°84 
95°57 
94°33 


1600 36°38 119 


90°63 


88°52 
93°24 
93°24 
90°00 
86°98 
95°28 
91°87 
94°03 
84°94 


94°81 


90°89 


Carbo- eign! 
| Date Nitrogen Fat hydrates Fluids perkilo ti ber cent. Nitrogen Fat Itroger fat = kilos 
| 2728 

28—29 

29—30 17-60 92°53 306.7 0°87 2°33 70°0 
30—1 17°60 92°58 308 ·7 62°08 2˙61 7°55 
‘ 1—2 17°60 92°53 308°7 78°51 1°41 4°10 69°7 
| 2-8 17°60 92°53 308 ·7 78°13 181 5°25 70°0 
| Average 17°60 92°53 308-7 76:53 163 4:36 

| Sodium salicylate, 2 grammes. 

3—4 17°60 92°53 308.7 1600 169 78°94 202 65°05 94°54 
4—5 17˙60 38087 1600 366 65 74°50 1:19 2˙4 97°34 70˙8 
5—6 17:20 92°53 308-4 1600 86:7 100 74:50 1˙19 2°46 97°34 — 
iy 6—7 17°60 92°53 3087 1600 369 40 67°11 1°76 5°50 94°06 70˙2 
7—8 17-60 92°53 3087 1600 365 50 67-11 2-30 7°19 92°23 69°9 
8—9 17°60 92°53 308°7 1600 36° 144 78°07 0:83 2°60 97°19 70˙5 
9—10 17°60 92°53 308°7 1600 364 43 67°44 1:48 4°50 9503 706 
10—11 17°60 92°53 3087 1600 36:4 73 68-41 105 3°32 96°41 70˙8 
i 11—12 17°60 92°53 308°7 1600 — 178 65°90 2°75 861 90°69 70°8 
Average 17°60 92°53 308°7 1600 368 95 70°78 1:50 493 0408 70°4 

| 


NOTES ON THE REGENERATION OF THE PRE- 
GANGLIONIC FIBRES IN THE SYMPATHETIC 
SYSTEM. wi J. N. LANGLEY, Deputy Professor of 


Physiology in University of Cambridge. 


1. Cervical Sympathetic. Attempted wnion of e 
with post · ganglionio fibres. 


THERE is evidence that the cervical sympathetic can regenerate 
after excision of a considerable portion of it, according to Schiff after 
excision of as much as 3˙8 cm. (18 lignes). The regeneration involves 
a re-establishment of the connections of the pre-ganglionic fibres of the 
nerve with the nerve-cells of the superior cervical ganglion’. 

The superior cervical ganglion is less than a centimetre in length. 
Suppose the ganglion is excised, will the central end grow across the 
gap to the post-ganglionic fibres, and if so, will it establish connections 
with the peripheral tissues? The following experiment was made with 
a view of answering these questions. 


Sept. 27, 1889. A kitten was etherized and the right superior cervical 
ganglion removed. The ganglion with a short piece of nerve at either end 
was rather less than 1 cm. in length. The usual paralytic effects were 
produced. 

and in 11 days, the 
vessels of the ear and of the nasal mucous membrane were contracted, and 
temperature of the two sides of the head was the same. After this, when 
there was any difference in the two sides, the intact side was, so far as 
observed, the warmer. 

The paralytic effects on the eyelids, nictitating membrane, and possibly 
the pupil, diminished slightly in the first week, and then underwent no 
further alteration. There were of course changes due to the state of tlie 
animal, but when observed, the eyelids were always closer together, and the 
pupil smaller on the right than on the left side; the right nictitating 
membrane was never completely retracted, the left was usually more 


1 Langley. This Journal, xvut. p. 280, 1895; XU. p. 215. 1897. 
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retracted than the right, but sometimes it projected to about the same 
extent. When the animal was given milk, there was no sign that any 
impulses passed to the right eye by way of the cervical sympathetic, 

Aug. 16, 1900. The animal, by this time fully grown, was anesthetized, 
and the cervical sympathetic stimulated—the stimulation gave no trace of 
effect on eyelids, nictitating membrane, pupil, vessels of ear, or hairs of the 
face. No change in the vessels of the ear was seen on stimulating the 
peripheral end of the 2nd cervical nerve. (Other observations are mentioned 
below.) : 


In this experiment then, though less than a centimetre of nervous 
tissue was excised, no return of function took place in twenty-three 
months. The result indicates that pre-ganglionic fibres can- 
not join with post-ganglionic fibres and become functional. 

In order to obtain confirmatory evidence as to the absence of 
regeneration the anterior half of the sclerotic of each eye was exposed 
and stimulated. In the left eye, the customary effects were obtained’ 
and there was good local dilation opposite whatever point was stimu- 
lated. In the right eye, the immediate effect was always contraction 
of the sphincter of the iris, most opposite the point stimulated, but 
commonly affecting the whole of the nasal or temporal side of the iris, 
causing the stimulated side of the iris to become straighter. The 
marked. local dilation obtained in the left eye was conspicuously absent 
in the right. There had then been complete degeneration, without 
regeneration, of the sympathetic pupillo-dilator fibres. 


A considerable excess of anzsthetics must be given in order to prevent 
reflex dilation of the pupil. The dilation in this case is general, and it 
obscures the local effect. 

In the right eye, there was on the cessation of the stimulus, an after- 
dilation, in some cases very great, of the part of the iris which had contracted 
during the stimulation. This was best obtained with very strong currents, 
and better from the nasal than from the temporal side; on stimulating the 
nasal region of the sclerotic the after dilation affected the whole nasal side of 


the iris, leaving the temporal side nearly a straight line; the dilation was 


slightly, but only slightly, greater opposite the point stimulated. This effect 
may have been due to a temporary injury of the conductivity of the constrictor 
fibres of the 3rd nerve, or possibly to the presence of inhibitory fibres in it. 


Histological appearances. I had expected that the cut anterior 
branches of the ganglion would have disappeared save for the few 


1 Cf. Langley and Anderson. This Journal, XIII. p. 588. 1892. 
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fibres which arise from the glossopharyngeal nerve’. To my great 
surprise, two large branches were present, one dividing into half- 
a-dozen others, and they were normal in appearance, ie. they consisted 
of non-medullated fibres interspersed with a considerable number of 
small medullated fibres. On the lower end of each branch was an 
oval swelling—a neurome—from which medullated and non-medullated 
fibres spread out, crossing one another, into the connective tissue below. 
The medullated fibres were far more numerous than those which are 
seen undegenerated about a week after section of the anterior branches 
of the ganglion, so that, apart from extraordinary abnormality, the 
medullated fibres must have been regenerated fibres. The explanation 
of this regeneration which at first presented itself was that the cervical 
sympathetic fibres had grown across the space made by excision of 
the ganglion, joined the cut anterior branches, and formed new 
medullated fibres in it, though these had been unable to make 
functional peripheral connections. But on teasing out the tissue 
between the neurome on the cervical sympathetic and the neuromes 
on the anterior branches, I was unable to satisfy myself that nerve- 
fibres ran from one to the other; there may have been some, but 
undoubtedly the number of medullated fibres 5 mm. below the 
neurome of the anterior branches was far inferior to the number 
close to the neurome and in the branches themselves. The cause of 
the regeneration in the post-ganglionic strands I must then leave for 
further investigation. 


The cervical sympathetic differed but little from that of the opposite side ; 
its fibres stained rather less deeply with osmic acid, and were on the whole 
a trifle smaller. The distance between the upper and lower neuromes was 
15cm. The obvious fibres from the lower neurome stretched upwards about 
6 mm., those from the upper neurome stretched downwards about 5 mm.; 
the connective tissue in which the fibres were imbedded was so dense that 
it could not be satisfactorily teased out. No nerve-cells were present 
anywhere. The submaxillary gland artery was examined on both sides; 
there were more medullated fibres, and apparently fewer non-medullated, 
in the nerve-strands on the artery on the right side than in those on the left 
—the intact—side. 


2. The lumbar sympathetic. 
When the sympathetic trunk is cut in the lower lumbar region, 
efferent fibres are severed which arise from about half-a-dozen = 
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nerves. The nerve-fibres arising from each spinal nerve run to about 
half-a-dozen ganglia. The connection with the ganglia of the fibres 
of any one spinal nerve is different from that of all the rest. Moreover 
the fibres which run to any one ganglion do not necessarily join all 
the kinds of nerve-cells present in the ganglion. Thus the restoration 
of the function of the nerve-fibres of each spinal nerve, with the proper 
nerve-cells of the proper ganglia, presents primd facie an exceedingly 
complex form of regeneration of nerve-fibres. 

I give here an account of three experiments made with the object 
of determining the main features of such regeneration as may occur. 


The experiments were made upon cats. Ether was given and the lumbar 


sympathetic out; at a later date, first chloroform and then the A. 0. . mixture 
was administered, and the effect of stimulating the lumbar spinal nerves was 
observed. | 
Number of days 
between section 
Place of section of sympathetic and observation 


1. Kitten, about 
Exp. 1. Kitten, a 4 Between left 5th & 6th ganglia 20 days 


half-grown 
Exp. 2. Kitten, about Between 4th & 5th 2 7 80 de 
half. grown on both sides ys 
Exp. 3. Large adult cat Just above left 5th ganglion 48 days 


In Exp. 1 no regeneration was found to have taken place. The 
lower thoracic and upper lumbar nerves did not cause any distinct 
movement of hairs below the region of the 5th lumbar ganglion, nor 
any secretion of sweat on the foot. 


The complete absence of regeneration was not quite certain. There may 
have been at times a slight movement of hairs by way of the 7th lumbar 
ganglion. There was slight pallor of the vagina, but this may have been 
produced by way of the inferior mesenteric ganglion, which was not excised. 
With regard to the absence of sweat secretion, the nerves on the intact side 
gave but a slight effect. 


In Exp. 2 there was regeneration though of a very restricted 
nature. The 3rd lumbar nerve alone of those cut gave rise to a 
distinct erection of hairs below the region of the 4th lumbar ganglion, 
i.e. below the point of section of the sympathetic trunk. The left 
3rd lumbar caused a very feeble and patchy movement of hairs in 
the region of the 7th lumbar and of the sacral ganglia; the right 
3rd lumbar caused a similar trifling movement in the same region, 
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and in addition a slight to moderate movement in the upper part of 
the region governed by the coccygeal ganglion. : 

The 12th thoracic spinal nerve sent no pilo-motor fibres lower than the 
3rd lumbar ganglion. The 13th thoracic, the Ist and 2nd lumbar nerves all 
sent pilo-motor fibres to the 4th lumbar ganglion, the two latter nerves may 
have sent a few pilo-motor fibres to the 7th lumbar ganglion. The 3rd 
lumbar nerve had very little effect on the 4th lumbar ganglion. The 5th 
and 6th lumbar ganglia sent no pilo-motor fibres to their grey rami. 

No sweat secretion was obtained on the foot by stimulating any spinal 


nerve, but there appeared sometimes to be slight pallor of the skin. After 


removal of the inferior mesenteric ganglion, the 2nd and 3rd lumbar nerves: 


appeared to cause slight contraction or dilation of the internal sphincter of 


the anus with pallor of the adjoining mucous membrane. 


In Exp. 3 the regeneration was much farther advanced ; though not 
complete. The results of stimulating the several spinal nerves in the 
two sides is given in the table on p. 422. 

The regeneration of the 13th thoracic, the Ist lumbar, and the 
2nd lumbar nerves took place on the lines of the normal connections, 
and the difference from normal—with an exception to be mentioned 
presently—was only in incompleteness of regeneration. 

Thus the regenerated fibres of the 2nd lumbar nerve ran to a more 
peripheral series of ganglia than those of the Ist lumbar, and the fibres 
of the 1st lumbar ran to a more peripheral series than those of the 13th 
thoracic, notwithstanding thai all the fibres had been cut at the same 
place. The fact that the fibres of the 13th thoracic nerve had only become 
connected with pilo-motor nerve-cells in two ganglia below the point 
of section, whilst the fibres of the 2nd lumbar had established plentiful 
connections with four ganglia, and a slight connection with others 
below the point of section, is no doubt in part a result of the much 
greater number of fibres of the 2nd lumbar than of the 13th thoracic — 
which were cut, but it suggests that the rate of growth of cut nerve- 
fibres is greater, the longer the piece removed. 

Further, the 13th thoracic nerve caused a very obvious though not 
profuse secretion of sweat, and as the nerve-cells which govern secretion 
of sweat are chiefly in the 7th lumbar and Ist sacral ganglia, it is 
probable that the secretory fibres of the 13th thoracic nerve ran to 
these ganglia whilst its pilo-motor fibres did not run farther than the 
6th lumbar ganglion. A difference of this kind is normal for the fibres 
of the 13th thoracic nerve, 

Lastly it may be pointed out that the fibres of the Ist lumbar 
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nerve became connected with the nerve-cells in the sacral ganglia 
which supply the hairs, but did not become connected with the 
nerve-cells in these ganglia which supply the external generative 
organs, This also is normal. 

The exception from the customary arrangement, alluded to above, 
was in the pilo-motor connection of the 2nd lumbar nerve. This nerve 
whilst having very little effect on the pilo-motor nerve-cells of the 2nd 
and 3rd sacral ganglia, had a distinct effect upon the upper constituents 
of the compound coccygeal ganglion; and moreover the effect was 
almost entirely on the opposite side. Normally all pre-ganglionic 
fibres running to the coccygeal ganglion affect the hairs on both 
sides of the tail, though with weak currents more strongly on the 
same side. 

The regeneration of the 3rd lumbar nerve is less normal than that 
of the others, inasmuch as its pilo-motor fibres did not make any 
connections below the 7th lumbar ganglion. 

The 4th lumbar nerve was not cut, but it was nevertheless abnormal 
upon the operated side. It caused erection of hairs in the regions 
governed by the 7th lumbar and Ist sacral ganglia, and it caused 
profuse secretion of sweat, no doubt in the main by an action on the 
same ganglia. Now, so far as I have seen, the normal 4th lumbar 
nerve when it has any effect on the hairs, always causes erection on 
the tip of the tail, and not—as here—of an isolated patch at the root 
of the tail'. Moreover the arrangement of nerves in this animal was 
nearer the median than the posterior type, and it is only in a markedly 
posterior type that the 4th lumbar gives rise to a secretion at all 
profuse’. And it will be noticed that on the unoperated side the 4th 
lumbar had no effect either on the hairs or on the secretion of sweat. 

The view that this abnormality was acquired after the operation, 
is strengthened by the results of Exp. 2. In this case the sympathetic 
trunk was cut on both sides above the point of junction of the 4th 
lumbar white rami, and both 4th lumbar nerves had a pilo-motor 
action, They caused good erection of hairs in the region governed by 
the coccygeal ganglion, and a less erection in the regions of the ganglia 
above, up to the 7th or possibly the 5th lumbar. Here the arrange- 
ment of nerves was on the anterior side of median, and this was 
further shown by the absence of 3 fibres from the grey ramus 
of the 5th lumbar nerve“ 


1 Cf. This Journal, xv. pp. 222—229. 1893. 2 Ibid. xvn. p. 299. 1894. 
3 Of. Ibid, xv. p. 211. | 
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I am, then, inclined to think that the 4th lumbar nerve-fibres, as a 
result of the operation, had formed new connections. Although the 4th 


lumbar nerve does not normally—with a median or anterior arrange- | 


ment of nerves—send fibres to the pilo-motor or secretory nerve-cells 
of the sacral and coccygeal ganglia, it does send fibres to some nerve- 
cells in these ganglia, vaso-motor nerve-cells and others, And it is, 
I think, possible that when the proper fibres of the pilo-motor and 
secretory nerve-cells degenerate, the vaso-motor or other fibres running 
to the ganglia may take advantage, as it were, of the opportunity, and 
form endings in connection with the disengaged nerve-cells. 

Recovery of axon-reflewes. In Exps. 2 and 3, after the several spinal 
nerves had been stimulated, the lumbar sympathetic was exposed and 
some observations made upon the extent of the axon-reflexes. The 
conditions were not favourable, as the prolonged administration of 
anesthetics, and the removal of the lower part of the spinal cord, had 
much enfeebled the circulation. 

On stimulating the sympathetic trunk above the point of section, 
the pilo-motor axon-reflexes were normal in extent’, though somewhat 
feeble and readily fatigued. 

On stimulating the sympathetic trunk below the point of section, 
the axon-reflexes from the ganglia below the neurome were nearly 
normal in extent; they were stronger in Exp. 3 than in Exp. 2. In 
Exp. 2 it is probable that the reflexes were obtained from the uncut 
fibres of the 4th spinal nerve, and not from the scanty regenerated 
fibres. But in Exp. 3 the 4th lumbar nerve sent no pilo-motor fibres 
to the 5th lumbar ganglion, so that the existence of a reflex from this 
ganglion may fairly be attributed to the regenerated fibres. 

The results were as follows : 


Grey ramus areas affected 

Place of stimulation Exp. 2 Exp.3_ 
Below 5th L. gang. 4 5 
6th „ „ 

7th „ 


Exp. 2. The effect in the area of the Ath grey ramus was apparently 
caused by stimulation of nerve-cells in the 5th lumbar ganglion, which sent 
fibres to the 4th spinal nerve. The 5th lumbar grey ramus ‘oon not contain 


pilo- motor fibres. 


1 Of. This Journal, xxv. p. 365. 1900. 
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Exp. 3. This is the only certain case—investigated only on the left side 
Ein which I have found the 6th as well as the 5th and 7th grey rami to 
contain pilo-motor fibres. The areas supplied by the 6th and 7th were both 
small, that of the 6th was a triangular patch a little removed from the 
median line. 

The area of the 5th grey ramus included part of that of the 4th; un- 
fortunately the method of experiment did not definitely determine hither 
on stimulating below the 5th lumbar ganglion, a slight axon-reflex was or 
was not obtainable from the 4th lumbar ganglion. 


SUMMARY AND CONCLUSIONS. 


The superior cervical ganglion was excised in a cat, leaving a gap in 
the nervous tissue of less than a centimetre. The cervical sympathetic 
nerve did not recover its function in a year and eleven months, The 
result establishes a probability that pre-ganglionic fibres are unable to 
form direct functional connections with the peripheral tissues. 

Direct stimulation of the sclerotic, on the side on which the 
ganglion had been excised, did not give local dilation of the pupil; 
this has been already observed; it affords evidence that all the fibres 
for the radial contractile substance (dilator muscle) of the pupil pass 
through the superior cervical ganglion and have no nerve-cells on their 
course beyond this ganglion. 

Although the cervical sympathetic did not recover its function, the 
nerve-strands beyond the place of section contained numerous normal 
nerve-fibres. 

After section of the lumbar sympathetic trunk, no return of function 
was found in 20 days; a very slight return was found in 35 days, and 
a considerable, though not complete return in 48 days. 

Broadly speaking the pilo-motor fibres in regenerating establish 
functional connection, first with the nearest ganglion, then with the 
next, and so on downwards. 

The new connections of the various cee of nerve- fibres in the 
several spinal nerves are not made indiscriminately with the several 
ganglia and with the different olasses of nerve-cells in them; there is 
a marked tendency for the normal complex relations to be re-established. 
But some abnormal connections are made. 

On the view that cut nerve-fibres grow out from their nerve-cells, 
it appears probable that one factor concerned in bringing about the 
re-establishment of normal connection is a tendency of the several cut 
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fibres to grow to a certain definite length; in other words, that the axon 
process of each nerve- cell, wherever it is cut, will in favourable conditions 
grow to its original length, neither more nor less. 

The experiments afford some evidence that when a large majority 
of the pre-ganglionic fibres degenerate so that a large number of nerve- 
cells are no longer connected with the central nervous system, the 
remaining fibres may establish connections with such nerve-cells, 
though normally they have no connection with them. 

There is also some evidence that axon-reflexes which are lost below 
the point of section when the fibres degenerate, return when the fibres 
regenerate. 
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A PHYSICAL THEORY OF NERVE. By W. M. STRONG, 
M.A. (Late Scholar of Trinity College, Cambridge). (Five figures 
in Text.) 


CONTENTS. 
Historical. 
Introduction to theory. 
Opening and closing excitation. 
Pflüger's law. 
Possibility of a true positive variation. 
Anelectrotonic currents in non-medullated nerve. 
Anelectrotonic currents in medullated nerve. 
Electrotonic alterations of excitability. 
Demarcation currents. 
Opening and closing tetanus in cooled frogs. 
Dehydration and salt tetanus. 
After-effects of constant currents, 
Other forms of stimuli. 


1. Historical. 


Du Bois Reymond was the earliest to attempt to give a physical 
explanation of nerve phenomena. According to him nerve consisted — 
of a definitely oriented group of molecules, charged with negative 
electricity at the two poles, and with the zone between charged 
positively, These molecules were laid end to end with their negative . 
poles opposite to each other. 

A very similar theory has more recently been proposed by 
Bernstein’. He considers that nerve consists of electrified molecules 
of rectangular shape, which like Du Bois Reymond’s molecules are 
fixed in position. The constitution of the molecule is as follows: 
We have first a molecular nucleus (Molekulkern) which is unassociated 
with electrical charges. The molecular nucleus has the property of 
attracting (presumably by means of chemical affinity) the charged 
molecules or ions which exist around it. Owing to this attraction the 
ends of the molecules become covered with negative ions and the sides 


SEE 


1 Bernstein. Untersuchungen aus dem physiolog. Institut. zu Halle, 1 Heft, 1888; 
Lehrbuch der Physiologie, 1894. Stuttgart. 
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with positive ions. The current which is observed to flow between the 
longitudinal and cross section of the nerve is attributed to these 


charges. There is thus a species of equilibrium between the chemical 


attractions of the ions and the electrical forces brought into play by 
their charges. Bernstein identifies the former with the inhibitory 
force (Hemmendekraft) of Pfliiger’s scheme of the internal mechanism 
of nerve, and the latter with his tension (Spannkraft)’. 

Bernstein further supposes that the equilibrium of the molecule 
is disturbed by electrical, mechanical, chemical, or thermal stimuli, in 
consequence of this, negative ions are set free at the stimulated point. 
This disturbance further acts in some way on neighbouring molecules 


tending to disturb their equilibrium in like manner, so that eventually 


we may get the disturbance propagated down the nerve. 

The electrotonic alterations of excitability are attributed to the 
kathode rendering the molecule less stable, so that it is easier to start 
an excitation. At the anode the molecule becomes more stable, con- 
sequently it takes up more ions and so when the circuit is broken 
excitation at the anode is easier owing to the greater number of ions 
present here. 

Pflüger is content with a less precise theory“. He considers that 
there are two forces in equilibrium in nerve, viz., molecular tension and 
molecular inhibition (Molekularspannung und Molekularhemmung). 
Stimuli disturb this equilibrium and some of the molecular energy 
is dissipated. By means of a mechanical scheme he most ingeniously 
explains some of the more striking phenomena of nerve. However 


_I think one can hardly claim that he attempts to give any real physical 


explanation of nervous phenomena. 

In contrast with the physical theories of Du Bois Reymond and 
Bernstein are the purely chemical ones of Hermann and Hering. 

Hering“ starts with the assumption that in nerve there is an 
excitable substance which is altered in opposite senses at the two poles. 
At the anode allonomous assimilatory processes predominate, and at 
the kathode dissimilatory. Every excitation is characterised by the 
production of preponderating dissimilatory changes, which may or may 
not be propagated to a distance. Thus a kathode produces dissimilation 
and possibly an excitation, while an anode produces assimilation. 
On breaking the current the kathode is in a less excitable condition 


1 Pfliiger. Untersuchungen über die Physiologie des Electrotonus. Berlin, 1859. 
2 Ibid, 
’ Hering. Brain, 1897, p. 232 (translation). 
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owing to its previous loss of excitable substance by dissimilation, while 
the anode is more excitable owing to its previous gain of excitable 
substance by assimilation. 

These parts of the nerve undergoing assimilation are considered to 
be positive to those parts undergoing dissimilation. The dead or dying 
part of a nerve is undergoing dissimilation, hence we get the current 
of injury. During stimulation the uninjured part of the nerve undergoes 
dissimilation, hence we get the negative variation. In a similar way 
the electrotonic currents are explained. During passage of the current 
assimilation changes predominate at the anode and dissimilation 
changes at the kathode; hence we get the anode region rendered 
positive and the kathode region negative by means of the physiological 
processes taking place at these points. This causes a current which in the 
external circuit is opposed to the external current (i. e. is heterodromous). 
On breaking the current the previously anodic region is in an over- 
assimilated condition, hence dissimilation changes predominate and 
this region gets negative. In like manner the previously kathodic 
region is under-assimilated, hence assimilation changes predominate 
and this region becomes positive. In consequence of this we get a 
current set up which in the external circuit is in the same direction as 
the original current (ie. is homodromous). In medullated nerves the 
physical spread of the current causes a similar spread of these physio- 
logical effects which depend on the current. 

During the last few years Boruttau has palate out the analogy 
which exists between the electric currents of nerves and similar 
currents which are found to exist in the case of metal wires placed 
in conducting fluids. 

Matteucci’ in 1863 was the first to pass a permanent current into 
a conducting fluid surrounding a metal wire and to show experimentally 
the similarity which exists between the currents in the extrapolar 
region and those which can be observed in the extrapolar regions of 
nerves similarly treated. 

Later on Hermann? investigated the phenomenon more fully and 
gave a physical explanation of the same, showing it to be due to the 
polarisation, which takes place at the metal electrolyte junction. 

While Hermann is very cautious in identifying these currents 


1 Matteucci. Compt. Rend., ivr. p. 760. 1863; Lxv. p. 151 and p. 194, 1867; uxvi. 
p. 580. 1868. 


Hermann. Pfiiger’s Archiv, v. p. 223. 1870; v1. p. 312. 1872; vn. p. 823. 1878. 
31—2 
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with the currents of nerve, Boruttau' on the other hand is inclined to 
identify the currents of nerve with similar currents which he finds to 
exist in his core models consisting of a metal wire placed in an 
electrolyte. Boruttau further adduces experimental evidence to show 
that a core model can give rise to an effect, which is comparable to a 
negative variation. Hering“ has shown that effects similar to the 
electrotonie currents can be observed without the intervention of any 
metal. He finds effects, which are strictly comparable to the electro- | 
tonic currents of etherised non-medullated nerve, when a battery 
current is passed into a piece of pipe grass previously soaked in water 
and filled just before the experiments with strong saline solution. 
Further developments of this view, chiefly in a mathematical 
direction, have been made by Hoorweg*, Cremer“, and Hermann’. 


2. Introduction. 


The following theory of the constitution of nerve is based on the 
ionic theory of salt solution, a theory which I need hardly remark is 
universally accepted as true by physical chemists. 

I suppose all nerves to consist of a semi-solid axis cylinder containing 
a substance of the nature of a salt dissolved in it. This salt, I suppose, 
is wholly or partially ionised, so that the axis cylinder is a good electro- 
lytic conductor of electricity. Surrounding this axis cylinder I assume 
that there is always a layer of some material of a relatively bad con- 
ducting nature. In medullated nerve this is the medulla; in non- 
medullated nerve it is the sheath or other material which may separate 
the individual fibres from each other. | 

I further suppose that the negative ion which is formed on ionisa- 
tion of the salt is of a simple nature, consequently it can move freely 
in the semi-solid material of the axis cylinder with a velocity about 
equal to that of a chlorine ion. The positive ion on the other hand is 
much larger and cannot move through the substance of the axis 
cylinder, or at least only with great difficulty. 

This is quite similar to the action which some ferrocyanide mem- 
branes show towards barium chloride and copper nitrate. Such 


1 Boruttau. Pfliiger’s Archiv, uv. p. 1. 1894; wrx. p. 47. 1894; m. p. 145. 
1896; uxxvi. p. 626. 1899. 

2 Hering. Brain, p. 232. 1897 (translation). 

3 Hoorweg. Pfliiger’s Archiv, uxxr. p. 128. 1898. 

* Cremer. Zeitsch. f. Biol., xxxvm. p. 550. 1899. 

5’ Hermann. Pfliger’s Archiv, Ixxv. p. 574. 1899. 
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membranes allow the Cl and NO, ions to pass through ; but not Cu or 
Ba ions. 

I further suppose that the contraction of a muscle is directly caused 
by the arrival of the negative variation at the point where the nerve 
terminates in the muscle. 

With regard to the connective tissue around the individual fibres 
(endoneurium, &c.), I suppose it to be a conductor relatively to the 
non-conducting sheath although probably by no means so <i a 
conductor as the axis cylinder. 


3. Opening and closing excitation. 
I now propose to show that with the above assumptions we can give 
a complete physical explanation of all the main characteristics of nerve 
excitation. 
To begin with let us consider the excitation which starts at the 
kathode at make of an electric current, the latter being either an 
induced current or the make of a battery current. 
The negative kathode would begin by driving the negative ions 
away from it in all directions causing an excess of negative ions in 
regions a little distant from the pole, Fig. 1. This collection of 


Indoneurium Kathode 

Medullary Sheath 

Medullary Sheath 

=Kndoneurium Katthode 


Fig. 1. Diagram of negative ions being driven away from the kathode. 


negative ions would act much like a fresh cathode and drive negative 
ions in this region a little further on. These ions would in turn act on 
ions a little further on and so the impulse could be transmitted along 
the nerve for great distances, much in the same way as sound is trans- 
mitted through air or through other substances. 

This wave of negative ions on meeting the terminals of a galvano- 
meter would raise the two terminals to a negative potential in turn, so 
giving rise to the characteristic diphasic negative variation of nerve. 

The anode gives rise to no similar positive variation, by its action 
on the positive ions in the axis cylinder since these latter are immove- 
able. 

1 Ostwald. B. 4. Report, 1890, p. 382. 
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On breaking the circuit the negative ions which were previously in 
the neighbourhood of the anode are suddenly released from its influence. 
In consequence they will repel each other and also neighbouring 
negative ions, giving rise to a negative wave similar to that produced 
on making the circuit and so giving rise to the break excitation. 

We may if we like express the above in more purely technical 
language and say that owing to the difference in resistance between 
nerve axis and medulla, there is a distribution of positive electricity 
proportional to the difference in the specific resistance of the axis 
cylinder and medulla, multiplied by the current intensity. Now at this 
junction the only way we can get a positive charge is by the negative 
ions in the axis cylinder leaving the junction and the relatively im- 
moveable positive ions remaining behind. Hence while the steady 
State of the current is being attained there will be a migration of 
negative ions away from the kathodic regions. (Since no insulation is 


perfect some small fraction of the positive charge will come from the 
medulla.) 


4. Pfliiger’s law. 


With regard to the variation according to Pfliiger’s law, the most 
favourable condition should be when we make a descending current. 
The ions in this case can move towards the muscle without interference 
by the positive pole. The make excitation with either ascending or 
descending direction of the current should be the more effective 
since:— — 

(1) As shown further on, p. 440, the potential fall at the anode 
when the permanent condition of affairs is reached is less than at 
the kathode. 

(2) On break of the current the potential of the anode does not 
fall to zero at once since the conducting endoneurium and axis cylinder 
separated by the thin walled medulla constitute a condenser of 
considerable capacity, and the only way this condenser can discharge 
is vich the endoneurium to the kathode. This endoneurium although a 
conductor is a bad one, hence the discharge will not be instantaneous. 

This explanation is confirmed by the increased readiness with which 
a break excitation occurs, if an external circuit of low resistance is kept 
closed between anode and kathode, so that discharge is rendered easier. 
Another confirmation is seen in the fact that, on treating the nerve 


J. J. Thomson. Electricity and Magnetism, p. 818; University Press. 
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with solutions of salts which are good conductors, eg. 1% KNO, or 
strong NaCl, the break excitation is likewise improved. (See also 
footnote p. 439.) 

A ready explanation of the increase in the break excitation in the 
region of an artificial section can be given as follows: 

When anode is near a cross section the area of endoneurium is 
curtailed, or in other words the capacity of the condenser which is to 
be discharged is lessened, hence as is universally the case the time of 
discharge will be shortened. 

With regard to the third stage of Pfliiger’s law the failure of a make 
ascending excitation is explained by the difficulty the negative ions 
would have in getting away from the positive potential anode region. 
The excess of positive charges in this region would tend to attract the 
negative charged ions and to prevent them travelling past it. 

On break of the circuit the loss of the negative kathode charge 
leaves the axis cylinder here at a relatively positive potential, even 
before the kathode is entirely discharged. Also as explained below 
(on p. 439) the residual charge makes the axis cylinder here relatively 
positive. Hence in the same way as the anode at make, this positive 
potential region would tend to block the negative impulse. 


Although the anode gives rise to no positive variation due to its 
action on the positive ions, yet it might conceivably give rise to a 
positive variation in the following way :—The positive potential anode 
region of the axis cylinder would tend to attract negative ions from 
surrounding parts of the axis cylinder. This action might be further 
transmitted as a wave since, if we consider any region a little more 
distant from the anode, the withdrawing of negative ions towards the 
anode leaves this region at a higher potential than the region a little 
more distant from the anode. In consequence negative ions would tend 
to move into the more positive region. This action would in turn give 
rise to the same effect on regions more distant, so we might get the 
impulse transmitted. 

The smaller magnitude of this true positive variation is to be 
ascribed to differences in the damping coefficient due in the one case 
to the ions moving in the opposite direction to that in which the wave 
is travelling, whereas in the case of the negative variation they move in 
the same direction as the wave. Probably the rate of propagation of 
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the wave would differ from the rate of propagation of the negative 
wave. 

The only effect this wave would have would be to modify the 
negative wave. 

This hypothetical true positive variation must be distinguished from 
the second positive phase of the negative variation. This latter is to 
be ascribed to the negative variation affecting the second terminal of 
the galvanometer. 


6. Anelectrotonio currents in non-medullated nerve. 


The existence of anelectrotonic currents in non-medullated nerve is 
explained as follows: — Consider the state of affairs a short time after 
the current has started in such a nerve. This current is of course 
passed into the nerve by means of unpolarisable electrodes, see Fig. 2. 


= Anode Kathode 


| 


— 


Fig. 2. Diagram of nerve with constant current passing through it. At the kathode 
10n negative chlorine ions enter the axis cylinder. At anode 6n negative nerve ions 
leave the axis cylinder and 4n positive sodium ions enter it. 


The current which enters at the anode (except immediately after the 
beginning of the passage of the current) is equal to the current which 
leaves at the kathode. (Were there any appreciable and permanent 
difference, the potential of the axis cylinder would go on continually 
changing in one direction and would eventually exceed the potential of 
the applied battery. This is clearly impossible.) 

Let us consider how the current is conveyed into along and away 
from the axis cylinder. At the kathode no positive ions can leave the 
nerve since in the nerve these are immoveable. The sole effect here is 
therefore that negative chlorine ions enter the nerve. Let us suppose 
that 10n of these enter per sec. 

At any point between the anode and kathode regions similar 
conditions hold. The only difference here is that 10n negative nerve 
ions migrate towards the anode instead of 10n chlorine ions. 

At the anode however we have negative nerve ions leaving the axis 
cylinder and positive sodium ions entering it. Since the current here 
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is equal to the current at the kathode the sum of these two per sec. 
must be 10n. Again since the ionic velocity of the nerve ion is supposed 
equal to that of chlorine ions while the ionic velocity of sodium ions is 
only two-thirds’ of this we shall have 4n sodium ions — the 
cylinder and 6n negative ions leaving it. 

Let us now consider the conditions in the anode region more closely. 
I have shown that An ions of sodium enter this per sec. and also 4n 
negative ions (in excess of the 6n which leave the nerve). This is 
really only another way of saying that we have the continual formation, 
in the axis cylinder near the anode, of a salt of formula NaN where N 
is the negative nerve ion“. In this salt the negative ion N has a 
velocity equal to a chlorine ion and therefore greater than the velocity 
of the positive sodium ion. In consequence of this the easier moving 
negative ion of the axis cylinder will tend to migrate away from the 
anode more rapidly than the less rapidly moving positive ion“. 

Let us now consider the effect of moving a charge down a physical 
model consisting essentially of the same parts as the nerve, viz. a 
conducting core, outside this a thin non-conducting sheath, and outside 
this another conducting sheath. See Fig. 3. 


Fig. 3. Diagram of the anode region of a nerve during the passage of a constant current. 
The negative ions as indicated by the arrow move down the axis cylinder producing 
a similar movement of positive ions down the endoneurium, which is equivalent to a 
current from the anode. A fraction of this current would pass through a branch 
galvanometer circuit eGf as is indicated by the arrow-heads. 


G represents the galvanometer. 


Suppose we move a negative charge from A to B, these two points 
being in the conducting core (axis cylinder). The removal of the 


1 Hittorf. Pogg. Annalen, cvt. 

2 This is comparable to the concentration of any electrolyte around the pole at which 
the fastest moving ion is liberated. 

* Nernst. Zeits. fir physikal Chemie, u. p. 612, 1888; M. Planck. Wied. Ann. 
xu. p. 567. 1890. 
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negative charge from A will set free a positive charge at C (on the 
conducting sheath in the neighbourhood of A), while in like manner 
the arrival of the negative charge at B will drive away a negative 
charge from D (on the conducting sheath in the neighbourhood of B). 
The + charge set free at C then passes along CD (or better along 
an external galvanometer circuit owing to its smaller resistance) to 
neutralise the negative charge at D, producing in so doing a current 
from C to D similar to the current we get in anelectrotonus. 

In this manner I suppose that the continual passage of negative 
ions down the nerve as the concentration at the anode gradually 
increases gives rise to the anelectrotonic current of non-medullated 
nerve. 


7. Electrotonic currents in medullated nerve. 


In the case of medullated nerve we get katelectrotonic as well as 
anelectrotonic currents. The anelectrotonic current is the larger, and 
that part of it which is in excess of the corresponding katelectrotonic 
current, I explain in the same way as anelectrotonic currents in non- 


medullated nerve. 


_ To explain the kathode current we must consider the distribution of 
potential in both the axis cylinder and the endoneurium. In the 
endoneurium the potential will fall from the kathode A to the anode B, 


see Fig. 4, while in the axis cylinder it will also fall from C to D; but 


Fig. 4. Diagram of electrotonic currents during the passage of a constant current. The 
electrotonic current flows along circuit CgfeA and along the branch galvanometer 
circuit fGe between f and e, as is indicated by the arrows. 


not nearly so much as from A to B, since the conductivity of the axis 
cylinder is good while it is shut off from the battery by the insulating 
(although leaky) medulla. Hence to a certain approximation we may 
say that the whole of the axis cylinder is at the same potential. 

Now consider a circuit Aefg from kathode along endoneurium and 
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away from the anode, through the medulla to axis cylinder at 9. A is 
at the negative potential of the kathode, while g in the axis cylinder is 
at the axis cylinder potential, which is considerably more positive than 
the kathode potential. Hence there will be a current from A to g: 
also if a piece of this circuit, say ¢/, is connected up to a gelvanometer 
we shall get an electrotonic current as in figure. 

At the anode a similar eet will reinforce the anelectrotonic 
current there. 


8. Eleotrotonio alterations of excitability. 


The depressed excitability at the anode is easily explicable if we 
remember that the axis cylinder in the region of the anode is at a 
somewhat higher potential than the rest of the axis cylinder, hence 
we should expect it to be difficult to drive the negative ions of the 
nerve away from it towards the relatively negative muscle. On the 
other hand the kathode is a region of negative potential, hence it would 
be easier to drive ions away from it towards the muscle. 

In addition to the above there is the fact that in the neighbourhood 
of the kathode the negative ions are already moving (under action of 
the current) in the direction of the exciting force. Hence more work 
is done on the ion by a given force acting for a given time than if the 
ions were at rest, and likewise less work is done on the ions at the 
anode. With this we may compare the work done on a body (ze. 
energy gained by the body) when it falls under the action of gravity 
starting with different velocities. 


9. The demarcation current. 


Consider the state of affairs at a natural longitudinal and artificial 
transverse section, see Fig. 5, and let us suppose that the concentration 
of the negative ions in the axis cylinder is about the same as that of 
the chlorine ions in normal salt solution. At the longitudinal section 
little or no diffusion will take place owing to the insulating character 
of the sheath. At the transverse section the ions of the NaCl electrode 
and of the axis cylinder are free to diffuse from one to the other. As 
regards the negative ion we shall get no difference in potential set up 
‘since negative ions move out of the nerve at about the same rate as 
chlorine ions move in. With regard to the positive ions the case is 
different. Sodium ions will diffuse from the NaCl electrode into the 
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axis cylinder, while the positive nerve ions being immoveable will not 
diffuse from axis cylinder to electrode. 


Fig. 5. Diagram of demarcation current. At the longitudinal electrode, owing to the 
comparatively high resisting power of the medulla, there is but little interchange of 
ions between axis cylinder and endoneurium, At the artificial transverse section for 
every 6 negative chlorine ions which diffuse into the nerve, 6 negative nerve ions leave 
it, and 4 positive sodium ions leave it. The result of this is that there is an excess 
of 4 positive ions leaving the endoneurium. Hence the endoneurium and electrode 
here becomes negative and the current flows through G the galvanometer as is indi- 
cated by the arrow. 


In consequence of the passage of positive ions from electrode to 
nerve the electrode will become negative to the nerve and hence show 
the demarcation current passing from uninjured to injured parts of 
the nerve. 

The same thing will happen if the electrode is anywhere near the 
cross section, since it will be put into electric connection with the axis 
cylinder by means of the conducting endoneurium. The same thing 
will also happen if the medulla is only injured (instead of being 
completely cut across) in such a way as to make it more permeable 
to the ions. 

If the concentration of the negative ions in the axis cylinder were 
greater than I have supposed, the above effect would be increased. 


If on the contrary the concentration were less, the magnitude of the 


effect would be diminished and replaced by a similar effect of opposite 
sign if the concentration in the nerve fell ~— two-thirds of that in 
the electrode. 


10. Opening and closing tetanus in cooled frogs. 

In these cases I assume that the constitution of the axis cylinder 
has been so altered that the negative ion no longer moves as freely 
as it did before. We may for instance suppose either that the axis 
cylinder has become more solid and consequently that the negative ions 
cannot move so freely or that the negative ion has united with proteid 
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molecules present in the axis cylinder and cannot now pass through 
the medullary sheath. 

Let us now consider what would happen on passing a current with 
NaCl electrodes. At first the fall in potential in the relatively non- 
conducting medulla is equal at anode and kathode. At the anode 2n 
positive sodium ions enter the axis cylinder, while at the kathode 
during the same time 3n negative chlorine ions enter (since ionic 
velocities are in this ratio). Hence just after the current is started more 
negative ions move towards the axis cylinder than positive ions. Hence 
the potential of the axis cylinder will become more and more negative, 
and so negative ions move towards the muscle giving the opening tetanus. 

It should be noticed that owing to the axis cylinder becoming 
negative, the fall of potential in the medulla at the anode becomes 
greater than at the kathode after prolonged passage of the current. 
Now the two NaCl electrodes (with neighbouring endoneurium &c.) 
and the axis cylinder virtually constitute two charged condensers and 
like other condensers we should expect them to give a residual charge 
after discharge. On breaking the external circuit we should get residual 
charges coming out both on the electrodes and on the axis cylinders. 
The residual charge will be greater at the anode since the fall of 
potential was greater here before breaking the circuit. In consequence 
the potential of the whole axis cylinder will change in the direction of 
that part of it which is in the neighbourhood of the anode. Now the 
residual charge makes the axis cylinder negative at the anode (the 
anode and endoneurium here becoming positive), hence the entire axis 
cylinder will gradually become more and more negative, and so negative 
ions will pass from nerve into the muscle producing the opening 
tetanus’. A similar tetanus is shown by partially dehydrated nerves, 


1 Biedermann in his Electrophysiology, pp. 165—184 (translation), Messrs Macmillan 
and Co., 1898, points out that there are two forms of excitation, which may arise on 
breaking a current. 7 

The first of these break twitch 1” is characterised by, (1) arising immediately on 
breaking the current, (2) being comparatively uninfluenced by length of time the current 
has been passed (p. 179), (3) not passing into a tetanus, (4) being present in normal 
nerves. 

The second “ break twitch m” is characterised by, (1) a delayed entrance, (2) being 
greatly influenced by time of passage of current, (3) readily passing into a tetanus, 
(4) being seen only in a case of cooled frogs, desiccated nerves or in nerves treated with 
strong saline solutions. 

It is the first of these which I explain § 3 supra by the discharge of the anode. It 


is the second which I explain § 10 supra by the residual charges which come out on to 
the axis cylinder. 
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whether dehydration is due to drying or to abstraction of water by 
osmosis with strong salt solutions. 

In these cases we may assume that owing to loss of water the 
negative ion becomes less mobile, either simply by solidification of the 
axis cylinder or by again uniting with proteids which are now more 
concentrated. In consequence we should again get all the phenomena 
of tetanus, In the case of strong NaCl solutions much of the effect is 
I expect due to the increasing concentration of the ions in the endo- 


neurium, in consequence of which the more readily moving chlorine ion 3 


passes into the axis cylinder in greater excess. 

If we apply a similar argument to the case of an ordinary nerve we 
find that at the commencement of the current 2n sodium ions enter at 
the anode and 3n negative at the kathode; but here 3n negative 
nerve ions also leave the axis cylinder at the anode. Therefore the 
axis cylinder becomes positive (owing to the 2n sodium ions which 
enter in excess). Therefore also we get no tetanus, and fall in poten- 
tial at the anode becomes less than at the kathode. It is doubtless 
owing to this increasing positive potential that anelectrotonic altera- 
tions in excitability predominate with strong currents’. 

In the consideration of cooled frogs I have for simplicity assumed 
that the negative ions are rendered immoveable in the axis cylinder. 
Exactly similar effects will be produced to a lesser degree if their 
velocity is reduced to less than a third of the normal. 


11. Dehydration and salt tetanus. 


These fall into line, if we remember that both are essentially an 
abstraction of water in the one case by evaporation, in the other by 
osmosis. In consequence of this the active electrolyte in the axis 
cylinder becomes more concentrated, hence the more mobile ion will 
tend to diffuse in excess to the muscle and so produce tetanus. 

In the case of strong solutions of salt this effect might be increased 
by the more rapid diffusion of the negative chlorine ion into the nerve. 


12. A fter- effects of constant currents. 


Just as with dehydrated or cooled nerves so too in the case of 
ordinary nerve, the residual charge on the axis cylinder after break 
of a polarising current is negative at the anode and positive at the 


1 Tigerstedt. Mittheilungen aus dem physiol. Labor. in Stockholm. 1. Heft, 1882. 
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kathode. (The positive is the larger so we get no tetanus.) In con- 
sequence the potential at the anode region of the axis cylinder becomes 
negative and at the kathode positive. Hence it is that after breaking 
a current, the excitability increases at the late anode and decreases at 
the late kathode. It is well to notice that in as far as the residual 
charges are concerned the potentials of axis cylinders and endoneurium 
(with electrode) change in opposite senses, so that the residual charge 
would make the terminal of a galvanometer near the anode positive 
and one near the kathode negative. These effects should increase with 
increase of strength of polarising current and also with the time it is 
closed. 

The above galvanic effects would however probably be small and 
complicated by the negative variation due to the break anodic excita- 
tion, and possibly to the changes of concentration which take place 
during electrolysis. 


13. Other forms of stimuli, 


We may ascribe chemical stimulation to the more rapid diffusion of 
negative ions down the axis cylinder. These negative ions may come 
either directly from the stimulant itself or from some compound which 
is produced by it on material in the endoneurium, the non-conducting 
sheath, or in the axis cylinder itself. In very many cases osmotic 
dehydration is, I suspect, the chief cause of apparent chemical 
stimulation. | 

The explanation of heat stimulation is quite obvious, since the 
two parts of a nerve at different temperatures would exhibit contact 
differences of potential due to diffusion of the ions. In the case of the 
nerve electrolyte it is only necessary to assume that the ionic velocity 
of the negative ion increases on warming, in which case negative ions 
will migrate down the nerve to the muscle and cause stimulation. 

When a nerve is mechanically stimulated by striking it sharply, the 
part. struck is compressed. If the axis cylinders are liquid or semi- 
liquid this will be equivalent to applying a pressure in such a way as 
to drive the liquid along the axis cylinders. Now when a liquid is 
forced through the small passages in a porous body electrifications are 
developed on the two sides of the porous body. 

In the case of the nerve the fluid will be driven for a moment away 
from the point struck along the narrow cylindrical passages in the 
medulla. Hence at the point struck there will be set up a potential 
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in the axis cylinder relative to adjacent parts. If we assume that the 


axis cylinder at the point struck becomes positive while the neigh- 
bouring parts become negative we at once have a negative variation 
capable of being transmitted along the nerve in either direction. 


In the foregoing pages I have assumed that the axis cylinder and 
endoneurium of nerve are electrolytic conductors of electricity, while 
the medulla is relatively an insulator of electricity. I have further 
assumed that the negative ion of the axis cylinder is able to move 
freely in the axis cylinder, while the positive ion is relatively fixed in 
the axis cylinder and cannot move freely. With these assumptions and 


with the aid of one or two subsidiary hypotheses I have aimed at giving 
a complete physical explanation of the chief electrical phenomena of 


nerves, 


I [have found it most necessary to carefully distinguish between the 
phenomena which we observe in galvanometers and electrometers, from 
the phenomena which the galvanometers and electrometers indicate 
are taking place in the individual axis cylinders and in the endoneurium. 
The application of the theory to some other questions, such as the 
mode of action of anzsthetics, I propose to deal with at a later time. 
It is sometimes said that the excitation process in nerves cannot be 
of a purely electrical nature owing to the fact that the velocity at which 
the excitation moves is excessively slow compared to the velocity of an 
ordinary electrical signal transmitted along an ordinary telegraph wire 
or submarine cable. This objection appears to me to be unfounded. 
1 have calculated what the rate of transference of the maximum point 
of the negative variation would be on the basis of Lord Kelvin’s cable 
theory, and making reasonable assumptions as to the resistance of the 
axis cylinder, and the specific inductive capacity of the medullary sheath. 
I find that it does not differ materially from the rate of transference of 
the nervous impulse. But this also I propose to deal with later. 
In conclusion I wish to take this opportunity of thanking Dr 
Langley for his valuable criticisms; and my friends Mr O. F. F. 


Grünbaum and Mr L. Blaikie for their kind interest and assistance. 
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STUDIES OF THE METABOLISM IN THE DOG BE. 
FORE AND AFTER REMOVAL OF THE SPLEEN. 
By D. NOEL PATON, M.D., Superintendent of the Research 


Laboratory of the Royal College of Physicians of Edinburgh. 
CONTENTS. 

Preliminary considerations. 
General plan of investigation. 
Methods. 

A. Metabolism in the Normal Dog. 
Record of experiments. 
Summary of results. 

B. Metabolism in the Spleenless Dog. 
Record of experiments. 


Summary of results. 
Conclusions. 


WHILE various theories have been propounded as to the influence of 
the spleen in the metabolism, no systematic investigation on the subject 
has been recorded. The present paper is a contribution to the solution 
of the question. The plan of the investigation was to study the 
metabolism during fasting and during digestion in the normal animal 
and in the same animal after removal of the spleen, the course of 
metabolism being deduced from the excretion of the various urinary 
constituents. 

Prelinvinary considerations. The influence of fasting and of taking 
food on the course of excretion of several of the urinary constituents 
has been frequently studied, but the alterations occurring simul- 
taneously in a large number of these constituents and of their 
relationship to one another has not been fully considered. 

Such a study throws light on the relative rate of change in the 
different tissues and also gives valuable hints as to activity of the 
various organs. 

In a paper “On the Modifications of the Metabolism produced 
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by the Administration of Diphtheria Toxine it was demonstrated 
that under the influence of this agent there is a diminution in the 
proportion of nitrogen excreted as urea and in the sulphur in a fully 
oxidised condition. It is a well-established fact that the conversion of 
nitrogen in ammonia salts and in various amido-compounds to urea 
takes place in the liver; and a diminution in the amount of sulphur 
changed to the fully oxidised state occurring along with a diminished 
elaboration of urea suggests that these two processes must go on side 
by side and in the same organ. If this is so we should expect that an 
increased conversion of nitrogen to urea would be accompanied by an 
increase in the fully oxidised sulphur, whenever the activity of the 
liver is increased. There can be no doubt that the taking of food does 
increase the activity of hepatic metabolism, and for this reason the 
relationship of the excretion of the various combinations of nitrogen 
and sulphur during digestion is of interest. 

Further, the present study throws light upon the relative rate of 
absorption and of excretion of water and of certain of the chemical 
elements of the food. | 

General plan of investigation. A female dog weighing about 
23 kilos. was used in the normal cohdition and after splenectomy, and 
as a preparation the perineum was split under full anesthesia to allow 
of catheterization. Before each experiment she was fed for some days 
on a fixed diet of oatmeal porridge and milk, and the urine was 
collected by keeping the animal in a cage with a sloping zinc floor 
under which a suitable vessel was placed. The floor was kept scru- 
pulously clean and feces were removed as soon as possible after they 
were passed. The diet produced feces which were formed but not 
sticky. During these observations the urine was never contaminated 
with feces. 

When the animal came into nitrogenous balance it was deprived of 
food for two days, and during these two days it refused to take water, 
although this was placed in the cage. The animal slept quietly all the 
time. The urine was daily collected. At 10 a.m. on the third day the 
bladder was emptied by the catheter; the dog was weighed, and was 
then fed with a weighed quantity of from 600 to 900 grms. of minced 
beef containing 3°6 per cent. of nitrogen with from 300 to 500 c.c. of 
water. The food was always immediately and greedily swallowed. 
The urine was drawn off at 2, at 4, at 12, and at 24 hours after the 


1 This Journal, xxiv. p. 381. 1899. 
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meal. On the fourth day the animal again fasted and the urine was 
collected, any remaining in the bladder being removed by the catheter. 

Methods. (a) Urine. The reaction and specific quantity of the 
urine were taken and it was diluted to a convenient volume. The 
amount of the following ingredients was determined by the methods 
enumerated, duplicate analyses being made in nearly all cases and the 
mean of these taken :— 

(1) Total nitrogen by Argutinsky’ s modifications of Kjeldahl's 
method. 

(2) Urea nitrogen by Bohland’s method of precipitating all 
nitrogen not urea with phosphotungstic and hydrochloric acids. 

(3) Nitrogen of ammonia by Schléssing’s method. 

(4) Total sulphur as SO, by igniting with caustic potash and nitre 

and precipitating with barium chloride. 
| (5) Oxidised sulphur as SO, by heating with weak hydrochloric 
acid and precipitating with barium chloride. 

(6) Phosphoric acid, P,O,, by titrating with nitrate of uranium. 

(7). Chlorine as sodium chloride by titrating with nitrate of silver’. 

The nitrogen not in urea, and the unoxidised sulphur as SO, were 
calculated by difference. 

The percentage of nitrogen in urea and not in urea, the percentage 
of sulphur fully oxidised and not fully oxidised, the proportion of total 
sulphur as SO, and of phosphorus as P,O, to the total nitrogen were 
calculated. 

Throughout the following tables all weights are expressed in 
grammes. 


The possibility that the variations in the proportion of urea 
nitrogen are due to the varying proportion of urine collected by the 
catheter and from the floor of the cage on different days of the 
experiments is negatived by the following observation :— 


On May 8th the dog’s bladder was emptied by the catheter at 10 a.m. 
The animal got no food and the urine was drawn off at 1 p.m., 6 p.m., 
10 p.m., and 10 a.m. 

In this way 130 c.c. of urine of neutral reaction and with a specific 
gravity of 1022 were procured (A). 

During the night 235 ¢.c. were passed in the cage. This urine was 
neutral and had a specific gravity of 1022 (B). 


1 This Journal, XXIV. p. 334. 1899. 
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The total nitrogen, the urea nitrogen and the ammonia nitrogen were 
estimated in each of these. 


Per cent. of | A B 
Total nitrogen | 0˙884 0-716 
Urea nitrogen 0°672 0°557 
Ammonia nitrogen 0:105* 0-058 
Per cent. of urea nitrogen 76 77 
Per cent. of ammonia nitrogen 11°8 81 


* Only one titration. 


(6) Food. Several samples of the minced meat used were _analysed by 
Kjeldahl's method and gave concordant results. 7 4 


N. of Mince. 
30th Jan. =3°64°/,, 
22nd Feb. 364%, 
30th March = 3:55 %,. 


A. METABOLISM IN THE NORMAL DOG. 
Record of Experiments. 


Exp. I. The dog got 800 grms. of lean minced beef = 29-12 grms. 
of nitrogen. On the fourth day of the experiment it did not fast, but 
got its usual ration of oatmeal and milk. 

Weight of dog at beginning 25°3 kilos. 


cf „ at end 240 „ 
TABLE I. 
| Urine. 
Day of Water Nitrogen Sulphur Phosphorus Chlorine 
Exp. — — — as as as 
Total Urea 80, P.O, NaCl 


Ist day 325 3°51 2°88 0-74 1:20 1:18 
2nd day 225 4°36 3°54 0°84 0-895 0°92 


3rd day— 
2 hrs. 148 1:04 0°85 0-176 0°122 0-248 
a 1-24 1-08 0˙256 0-400 0-096 
2°13 2°12 0-284 0°366 0-144 
3°38 2°87 0-324 0-532 0-144 
24 „ 205 8°89 6°94 1:02 1-020 0-600 


4th day 750 7°51 6°55 — 1-640 0-920 
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Day of Water 
Exp. 


Ist day 500 
2nd day 375 
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Weight of dog at beginning 258 kilos. 


at end 285 „ 
Taste II. 
Nitrogen Sulphur 

— — — — 
Total Urea Total as 80, 80, 
366 3°05 295 0°85 340 
504 4:45 367 1°02 532 
1:39 105 0-348 228 
276 2:24 062 0-468 272 
230 2°52 0-280 179 
8°59 7:45 294 1012 580 
705 0°80 408 
403 3:36 169 1197 401 


1-06 


0-272 
0˙444 
0˙456 
1220 
0˙770 


0°840 
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Exp. III. The dog got 950 grms. of beef with 34-58 grms, of nitrogen. 
Weight of dog at beginning 24:5 kilos. 


„ 


Ath day 175 


at end 23˙5 „ 
TABLE III. 
Urine. 
Nitrogen Sulphur 

— 

Total Urea NH, Total as SO, 80. 
3°36 2:36 0'322 0-68 0°26 
408 2°85 0°725 086 0°42 
134 111 0˙34 — 
184 171 0°32 — 
909 1072 0.31 0˙18 
963 845 2:36 1:52 
840 772 0°380 148 092 
3°09 2:10 0°590 0-78 0:28 


Phos- Chlorine 
NaCl 
0°86 2°20 
0-95 1-68 | 
0°17 0°14 
0-14 0-08 
0-23 0°12 
1-14 0°15 
1-06 0°30 
0°80 0-24 


In these three experiments the amount of proteid given was mode- 
rate. In the following experiment it was much larger. 


” ” { 

Phos- Chlorine 

phorus as 

as P.O; NaCl 

114 3°32 q 

1660 

3rd day— | 

2 hrs. 47 0˙20 

„ 0°16 4 

6 „ẽ 108 0-10 3 

12 „ẽ 250 0°40 3 

24 ,, 226 0°40 4 

4th day 175 06065 q 

Day of Water 
Exp. q 
Ist day 300 
2nd day 300 
3rd day 
2 hrs. 65 q 
4 77 44 = 


— 


— 
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Exp, IV. The same dog was used and it was kept upon a fixed diet of 
oatmeal and milk for several days. 


Oatmeal 500 grms. — 10°6 nitrogen 
Milk 700 c.c. 
Water 1500 cc. | 


Total nitrogen 13-9 
On October 9th it got a half ration and on the next day (Ist day) it 
fasted. On October 11th (2nd day) it got 500 grms. of boiled cod and on 


the 12th (3rd day) 2100 grms., all of which it took greedily. Analyses of 


the cod’s flesh gave 3°78 and 3°80°/, of nitrogen. On the following day it 
fasted. 
Examination of the urine gave the following results. 


Taste IV. 
Urine. 
Nit 
Total N Urea N pi. c. urea N NofNH, p.c.NofNH, taken in 
Ist day 5°79 473 817 0-134 2°3 0 
And day 14°39 12°37 86-0 0˙351 2˙4 19 
3rd day 58:80 52°88 89-0 1035 . 79 
4th day 24°36 _ 20°38 830 0°720 2˙9 0 


This experiment shows the excretion of the nitrogen not stored extending 


over 48 hours after the meal. 


Summary of Results. 


The general results of the first three experiments will be con- 
sidered under the heads of the various constituents investigated, 
and the course of excretion may best be demonstrated by expressing 


the amounts excreted per hour during the different periods of the 


experiment. 
1. Howrly excretion of water. 
TaBLE V 
Exp. I. Exp. II Exp. III. Average 
Ist day 13˙6 20 13 15˙5 
2nd day 9˙4 15 13 12˙4 
3rd day —2 hrs, 74 23 32 43 
52 22 34 
„ 54 35 49 
„ 42 46 34 
„ 19 32 22 
4th day 73 73 73 


* Food, porridge and milk, given. 
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The average maximum in the excretion of water was between the 
fourth and sixth hours after the meal. 

In the first experiment the maximum was reached in the first 
two hours though a second maximum appeared at between the fourth 
and sixth hours. 

In the second experiment the maximum was reached between the 
fourth and sixth hours while in the third experiment it was delayed to 
between the sixth and twelfth hours. 

This is probably a fair index of the rate of absorption of water 
although it is in all likelihood also modified by the functional activity 
of the kidneys and the state of relaxation of the arterioles of these 


Taste VI 
Exp. I. Exp. II. Exp. III Average 
Ist day 15 15 14 15 
And da 18 ‘21 17 18 
3rd day —2 hrs. 42 64 67 60 
5 54 1:38 67 86 
(1-40 121 122 
1°43 160 119 
ee 74 58 7 67 
4th day N 17 13 15 


* Food, porridge and milk, given. 


The excretion of nitrogen reached its maximum ies the fourth 
and sixth hours in the first experiment and between the sixth and 
twelfth in the second and third. The average maximum was between 
the fourth and twelfth hours after the meal. As regards this point 
nothing new is established by these experiments. 


3. Proportion of nitrogen in urea to total nitrogen. 


Taste VII. 
Exp. I. Exp. II. Exp. III. Average 
Ist day 82 1 70 78 
2nd day a 86 70 79 
ord 82 81 80 81 
‘i 87 81 90 86 
; 1 99 90 86 92 
85 87 87 86 
84 91 84 


4th day ak 83 69 76 
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In all these experiments within the first six hours there was a 
marked rise in the proportion of the nitrogen in urea — that is at a 
time coincident with the most active intestinal absorption; and since 
the conversion of non-urea nitrogen to urea nitrogen is carried out in 
the liver, this would seem to depend upon an increased activity of that 
organ during the digestion of proteids. It may be suggested that, 
while during the two fasting days, the dog was living on its own 
tissues and using these rich in nucleins from which purin bases con- 
taining nitrogen not in urea might be derived, when flesh was given 
the consumption of nucleins was spared. But experiment IX. (p. 459) 
on the spleenless dog shows that even after the administration of 
thymus the proportion of urea nitrogen is increased, though not to 
such a marked extent. There seems little doubt that the increase is 
due to the greater activity of hepatic metabolism. 


4. Hourly excretion of ammonia 5. Per cent. of ammonia nitrogen 


nitrogen. in total nitrogen. 
Taste VIII. TaRLE IX. 
Exp. II. Exp. III. Exp. II. Exp. III. 
Ist day 012 013 Ist day 8˙0 9˙3 
2nd day 015 030 2nd day 71 17°6 
3rd day—2 hrs. | 3rd day—2 hrs. 
03 | 0°88 1˙8 
„ 1 
12 12 
4th day 007 024 4th day . 4˙1 18-0 


These results corroborate the observations of various physiologists 
that the liver has the power of changing ammonia into urea and seem 
to show that this power is increased during the period of increased 
activity of the organ. 


8 Relationship of eworetion of water to eworetion of nitrogen. 


A study of the relationship of the excretion of nitrogen to the 
excretion of water in these experiments shows an increase in the per- 
centage of nitrogen after the second hour and on to the twenty-fourth 
hour. In the first experiment alone a very great rise in the proportion 
of water during the first two hours is shown. Further it is manifest 
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that the greatest excretion of water somewhat precedes the greatest 
excretion of nitrogen. 7 


Hourly per cent. of total nitrogen in urine. 


TaBLe X. 
Ist day 0-9 
2nd day 1˙4 
3rd day—2 hrs. 14 
2˙5 
2˙5 
12 „ 3°5 
3°0 
4th day 2:0 


It might be argued that the high proportion of nitrogen in urea 
during digestion is due simply to the washing out of this very soluble 
nitrogenous substance, but the fact that the proportion of nitrogen in 
urea is highest at the period when the percentage of nitrogen is 
greatest disposes of the idea that its increased. proportion is due to 
a mere flushing of the kidney with the absorbed water. 


7. Nétrogen balance. 


Taste XI. 
Experiment I. 
Intake Output Gain or Loss Per cent. retained 
lst day 0 3°51 — 351 
2nd day 0 4°36 — 436 
3rd day 29 16-7 + 12°30 42 
4th day + — ek 
* Porridge and milk given on this day. 
Experiment II. 
lst day 0 3°66 — 3°66 
2nd day 0 5-04 — 5°04 
3rd day 33 22°49 + 1057 31 
4th day 0 4-03 — 403 
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Experiment III. 
Intake Output 
lst day 0 3-36 — 3:36 
nd day 0 4-08 — 408 
ard day 34 23˙12 + 11-38 
4th day 0 3-09 — 3-09 
Experiment IV. 
lat day 0 4-73 ~ 473 
and day 19 12:37 + 6°63 
ard day 79 52˙88 + 26°12 
4th day 0 20:38 — 20-38 


* Not excreted in 48 hours after food. 


Gain or Loss Per cent. retained 


33 


10* 


The first three experiments show an exceptionally great retention 


of nitrogen’. 


While in them the whole surplus nitrogen of a meal containing as 
much as 34 grms. not retained in the animal was eliminated during 
24 hours; in experiment IV., when larger quantities were given, the 
excretion was prolonged over at least 48 hours. 


8. Hourly excretion of total sulphur expressed as SO,. 


TasBLe XII. 

Exp. I. Exp. II. 

Ist day 031 035 

2nd day 7 035 042 

3rd day—2 hrs. 088 ‘174 

Sa 128 234 

142 140 

‘054 167 

4th day 8 049 
* Food. 


Exp. III. 
028 


Average 
034 
037 
144 
174 
129 
204 
091 
040 


The maximum hourly excretion of sulphur was reached between the 
sixth and twelfth hours after a meal, somewhat later than the maximum 


excretion of nitrogen. 


1 Compare Hermann’s Handbuch, vt. p. 106. 1881. 
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9. Total sulphur as SO, per 100 parts N. 


Taste XIII. 
Exp. I Exp. II. Exp. III. Average 

lst day 21 23 20 22 
2nd day : 19 20 21 20 
3rd day-—2 hrs. 17 28 25 25 
KZ 20 19 24 21 

ee 13 10 13 12 

ae 9 11 24 14 

11 11 VV 

4th day — 29 25 27 


During the first four hours of digestion the proportion of S to N 
remains constant, but during the remaining eighteen hours of the 
twenty-four the proportion falls considerably, to again rise on the 
succeeding day. How far this is due to the formation of taurocholic 
acid in the bile of the dog or how far to a delay in the excretion of the 
sulphur moiety of the proteid molecule is not indicated by these expe- 
riments, although the very high proportion of S on the fourth day 
appears to favour the latter view. | 


10. Per cent. of owidised sulphur as SO, in total sulphur 


expressed as 80, 
Taste XIV. 
Exp. II. Exp. III. Average 
Ist day 32 38 36 
2nd day 53 49 51 
3rd day —2 hrs. 65 — — 
4 „ 58 — — 
ee 64 58 61 
12 „ 58 64 61 
24 „ 51 65 58 
4th day 33 34 


During the period of digestion the proportion of fully oxidised 
sulphur is markedly increased, just as the proportion of the nitrogen in 
urea is increased. Here, as in poisoning by diphtheria toxine, the 
two go together, and thus the present observations corroborate the 
previous conclusion that the activity of the liver influences not only the 
formation of urea but also the production of sulphuric acid. 
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In the dog the unoxidised sulphur has a double origin, being partly 
derived directly from the imperfectly oxidised sulphur of the proteids 
of the tissues and food, and partly from the taurin in the taurocholic 
acid of the bile. For this reason it is not surprising that the relation- 
ship between the proportion of unoxidised sulphur and non-urea 
nitrogen is by no means a fixed one and that while it is influenced 
in the direction indicated by these experiments it varies within = 
wide limits. 


11. N excretion of phosphoric acid as vo. 


TaBLE XV. 
Exp. I. Exp. II. Exp. III. Average 
Ist day 050 047 036 040 
2nd day 037 044 039 040 
3rd day—2 hrs. 061 136 085 094 
20⁰ 222 070 164 
183 ‘228 116 
* 088 210 190 162 
„ 080 060 090 076 
4th day — 030 030 030 


The excretion of phosphorus like that of nitrogen reaches its 
maximum between 4 and 6 hours after a meal. 


12. Phosphoric acid in 100 parts of nitrogen. 


Taste XVI. 
Exp. I. Exp. II. Exp. III Average 

Ist day 34 31 25 30 
2nd day 20 21 23 22 
3rd day—2 hrs. 11 20 12 14 
_ 32 15 10 19 

a 17 15 9°5 13˙6 

1 15 14 118 13°6 
11 11 12 11 
Ath day — 28 26 27 


During the period of digestion the rise in the proportion of nitrogen 
to phosphorus is very marked, and approaches the proportion in flesh— 
8 to 1. The very much higher proportion of phosphorus during fasting 
accords with what has been observed in man during inanition and may 
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be due to an increased katabolism of tissues rich in phosphorus, either 
as nuclein compounds or in the lime compounds of bone. It is also 
probable that there is a considerable excretion of phosphorus by the 
bowell, and that this may be increased during digestion and thus the 
amount of phosphoric acid in the urine diminished. 


13. Hourly excretion of Cl as NaCl. 


Taste XVII. 
Exp. I. Exp. II. Exp. III. Average 
Ist day | 050 14 09 093 
and day 040 066 07 055 
ard day—2hrs. 124 10 07 094 
8 048 08 04 084 
ee 072 05 06 061 
11 024 066 025 038 
24 „ 050 033 025 036 
4th day — 027 01 018 


The excretion of chlorides does not as might have been anticipated 
run parallel with the excretion of water although the largest hourly 


excretion in the first experiment corresponds to the period of greatest 


flow of water. The very small amount of chlorides given off on the 
fourth day of the experiment would seem to indicate that during the 
diuresis following a meal there has been a certain n of salt 
from the system. 

A point of no little interest is that in these experiments there is no 
diminution in the chlorides of the urine before the sixth hour after 
food, although the liberation of hydrochloric acid in the stomach must 
have been more active during that period than during the succeeding 
hours of digestion. In this respect these obesrvalions do not correspond 
with those of Roberts on man. 


B. METABOLISM IN THE SPLEENLESS DOG. 


On March Ist under full anesthesia and with aseptic precautions the 
spleen was excised. The pedicle was ligatured with three silk and one 


chromic catgut ligature, the peritoneum and muscles brought together with 


chromic catgut and the skin with double horse-hair. The wound was dressed 
with collodion. 


1 This Journal, xxv. 212. 1900. 
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On March 19th the dog was perfectly well and — 25 4 len having 
gained 2 kilos. since February 22nd. 


Exp. V. On March 27th it weighed 24-9 kilos. at 10 a.m. No food was 
given on the 26th or 27th (Ist and 2nd days) and on the morning of the 28th 
(3rd day) it weighed 24-0 kilos. At 10 a.m. it got 800 grms. minced beef 
with 500 c.c. water (29 grms. N). 

Table XVIII. gives the results of the experiment. 

Weight at beginning 24-9 kilos. 

end 24°0 „ „ 


Taste XVIII. Urine. 
Date Water Nitrogen — Sulphur 
— —E—Üü—EƷ—ä — — 
Total Urea NH, Total as 80, SO, 


Ist day 540 5˙53 4˙62 546 0°92 56 1:34 5:36 


2nd day 290 7°05 5°99 425 118 68 1°32 1:80 


2 bre. 410 099 0-94 0250 150 0210 0˙80 
| | 0 252 0'192 116 0.228 0908 
0-284 176 0-292 0-010 
12 „ 140 582 5-20 0-600 440 0600 0-260 
24 „ 124 502 436 228 0590 380 0630 0.340 


Ath day 150 4°73 408 123 0°92 480 102 068 


The results of this experiment may best be compared with those on 
the normal dog by reference to a Table giving the hourly excretion of 
the various constituents. 


TABLE XIX. Howrly excretion. | 
Water Nitrogen Sulphur as 80, Phosphorus as Chlorine 
P. Na 
N * P,O; | 


Tota! Ures Ni, Total 305 
Ist day 225 28 838 100 04 60 17 O56 24 22 
and day 120 29 8. 60 0 57 17 056 2 75 
8rd day—2 hrs. 205 497 . 125 60 28 105 21 40 
91 7 6 ˙ 006 
‘, 2 2S 142 62 15 146 15 005 
„ 100 78 10 100 10 043 
24 „ 10 42 8 45 0 68 12 062 12 929 
4th day 6 19 8 26 1 58 24 O47 % 08 


| Experiment V V. which was an exact repetition on the spleenless dog 
of the three experiments recorded on the normal animal, shows no 
alteration whatever in the course of excretion of any of the urinary 
constituents except the water and thus does not indicate any change in 
the metabolism. 
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Influence of removal. of spleen on excretion of water. 


The influence of removal of the spleen in the course of excretion of 
water after a meal was studied in two other experiments, one in which 
the animal was fed with thymus along with 500 c.c. of water, Exp. IX., 

and the other (Exp. VI.) in which it received the usual ration of beef 
mince with 500 c.c. of water. 

The results of all three experiments are tabulated below. 


XX. ! 
Exp. V. Exp. IX. Exp. VI. Average 


lst day 22˙5 10 10 14˙2 
and day 12-0 7 14 110 
8rd day—2 hrs. 205 100 120 142-0 
37-0 
26˙0 

23 16 
„„ 
4th day 6 48 — 5-4 


Taste XXI. Comparison of the excretion of water in the spleenless 
and in the normal dog. 


Ist day 14-2 15˙5 

2nd da 11-0 12˙4 

Ird day—2 hrs. 142-0 43-0 

37-0 34-0 
26-0 49-0 
19˙5 34-0 | 

24 „ 14˙5 22˙0 
4th day 5-4 73 


It thus seems manifest that after removal of the spleen there is a 
more rapid excretion and therefore probably a more rapid absorption of 
water than in the normal animal. | 


In order further to investigate any possible change in the meta- 
bolism after removal of the spleen, two dogs kept under exactly the 
same conditions were compared with one another, but the results of the 
experiment are somewhat vitiated by the fact that on the second day 
microorganisms—a bacillus and a staphylococcus—were found in the 
urine of the spleenless dog. 
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Exp. VII. Dog A was the spleenless animal on which the previous 
observations were made. 

Dog B was a black retriever bitch in which the perineum had been split 
to allow of catheterization. 

Both were fed on oatmeal porridge and milk for some days. 

On June 8th A weighed 23-0 kilos. 

Both fasted on Fone 7th 1 8th and the urine was collected from the 
cage and by the catheter. 

The following table gives the results of the analyses of the urine. 


Nitrogen Sulphur Phosphorus 
Dog A. Spleenless. 
Ist day 3°80 280 607 78 15 54 32 39 14 7 20 
nd day 3°83 280 667 78 17 62 35 57 16 67 17 
Dog B. Normal. 
Istday 2°71 219 296 81 109 40 28 68s 14 40 14 
36: 8 60 106 85 16 


Exp. VIII. From the 9th to the IIth June these dogs were fed on 
porridge and milk, and on the 12th at 10 a.m. both were catheterized and 
the urine examined. 


The following results were obtained. 


TaBLe XXIII. Urine. 


Per cent. of 
Total Urea Ammonia p. o. urea . 0. N 
nitrogen nitrogen nitrogen N in total N N in total 
Normal dog 224 187 040 83 17 
Spleenless dog 296 246 047 83 16 


The bladder of the second dog had become infected with micro- 
organisms from the bladder of the first dog, but the experiment further 
confirms the conclusion already arrived at that removal of the spleen 
produces no alteration in the metabolism which is manifested by an 
examination of the urine. 
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‘METABOLISM AFTER ADMINISTRATION OF THYMUS. | 


It. having been demonstrated that there is no material modification 


in the metabolism on an ordinary proteid diet after removal of the 
spleen, an observation was made on the metabolism after the adminis- 
tration of a substance rich in nucleins—the thymus gland—in the 
spleenless dog. 
Exp, IX. After two days fasting on May 3rd (3rd day) the dog got 
600 grms. of calf’s thymus containing 2°38 % of nitrogen and 0°7 %, 
phosphorus as P, Os, in all 14°3 grms. N and 4:2 grms. P,O,. Along with 
this 500 c.c. water were given. : 
Weight of dog at beginning = 21-75 kilos. 
Taste XXIV. Urine. 
Day of exp. Water Nitrogen 
Total Urea NH, 
Ist day 240 313 1:70 0-799: 084 
2nd day 165 3°19 2°12 0-744 0°65 
3rd day—2 hrs. 200 0°38 0°35 | 0-054 
„ 2°29 1-90 0•876 0˙590 
2°67 1:98 1-115 
24 „ 225 439 3.636 0˙798 2-05 
4th day 115 2-52 1˙45 0-714 1:10 
XXV. Urine. 
Hourly excretion after thymus feeding. 
Date Water Nitrogen Phosphorus 
Total p. e. urea p. e. NH, N P., p. e. N 
lat day 10 ũ 27 
and day J 20 
3rd day —2 hrs. 100 19 90 027 13 
Sg 57 82 16 295 26 
„ 186 41 
28 
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A curious point in this experiment is the quite exceptionally small 
proportion of urea nitrogen during fasting both before and after feeding. 
The results were so surprising that the analyses were repeated with 
corroborative results. It is to be regretted that the 5 of 
oxidised to unoxidised sulphur was not studied. 

The experiment shows an initial rise in the proportion of urea 
nitrogen after feeding, a rise which in the later hours of digestion is 
obscured by the increase—not of the ammonia nitrogen—but pre- 
sumably of the nitrogen in purin combinations. Along with this there 
is a rise in the proportion of phosphorus as P,O, to the nitrogen, and 
this is continued for 48 hours. 


CONCLUSIONS. 
A. Metabolism in the normal dog after a proteid meal. 


1. The excretion of water reaches a maximum in 6 hours. 

2. The excretion of nitrogen reaches a maximum in 6 hours. 

3. The percentage of nitrogen in the urine reaches its maximum 
about 12 hours after food. 

4. When moderate amounts of nitrogen are given in the food 
—about 1°5 grms. per kilo.—all that is not retained is excreted in 
24 hours, but when excessive amounts are given—say 3 grms. per kilo.— 
the excretion is prolonged over 48 hours. 

5. The proportion of nitrogen in urea increases after a meal to 
about the sixth hour. 

6. The proportion of nitrogen in ammonia is diminished during 
digestion. 

7. The excretion of sulphur reaches its maximum about 12 hours 
after a meal. 

8. The proportion of sulphur to nitrogen falls very markedly about 
6 hours after a proteid meal, but rises again after 24 hours. This 
may be due to a delay in excretion or to its retention for the formation 
of taurocholic acid. 

9. The proportion of oxidised sulphur rises during digestion, and 
thus runs parallel to the proportion of urea nitrogen, thus bearing out 
the conclusion previously arrived at that the two processes are 
intimately connected. | 

10. The excretion of phosphorus as P,O, reaches its maximum 
about 6 hours after a meal. / : 
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11. The proportion of P,O, to nitrogen markedly falls during the 
digestion of a proteid meal, the flesh poor in phosphorus possibly 
saving the nuclein-containing tissues richer in phosphorus which the 
animal had used during fasting and possibly more phosphorus being 
excreted by the bowel. 

12. The excretion of chlorine as NaCl rises within the first four 
hours after food but falls again in the later stages of digestion. 


B. Metabolism in the spleenless dog. 


1. There is a more rapid excretion of water after a meal, probably 
indicating a more rapid absorption. 
2. There is no essential difference in the course or nature of the 
metabolism either during fasting or after feeding with the ordinary 
| proteids of flesh, with vegetable food such as oatmeal, or with food rich 
in nucleins such as 
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FURTHER OBSERVATIONS ON THE STRUCTURAL 
ALTERATIONS IN THE CELLS .OF THE SPINAL 
CORD FOLLOWING VARIOUS NERVE LESIONS. 
(Part III.) By W. B. WARRINGTON, M. D., MRCP. 


(Two figures.) | 
(From the Thompson Yates Laboratories.) 


CONTENTS. 
Additional experiments, 
I. Showing the effect of section of afferent roots. 
(a) On the ventral cornual cells. 
(8) On the cells of Clarke’s column. 
II. On the condition of the cells below the site of complete and partial section of 
the cord. : 
III. on the results of section of an anterior root. 


I. THE EFFECT OF SECTION OF AFFERENT ROOTS. 


(a) On the ventral cornual cells. In previous communications’ I 
have shown that the section of the afferent roots is accompanied by 


-chromatolysis in certain of the cells of the ventral cornua. This obser- 


vation illustrates the influence which afferent impulses exert on the 
nutrition of the normal nerve-cell. 

The experiments were conducted on the cat and monkey, and the 
root sections were made after freely opening the dura mater. Control 
observations then made gave evidence that the attendant conditions on 
thus opening the membranes were not capable of producing the changes 
I described. In concluding this part of the subject I thought it might, 
however, be desirable to perform the same operations on puppies, which 
present the anatomical advantage that the roots may be cut without 
opening the meninges, and hence dangers of an erroneous interpretation 
of results considerably eliminated. 


Complete anesthesia was obtained and laminectomy performed under the 
usual precautions. Healing took place in all cases by primary union. The 


1 This Journal, XXII. pp. 114—117. 1898, and xxrv. p. 465. 1899. 
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method used for staining sections was that previously employed, viz the 
erythrosin and methylene blue stain described by Held. In all cases the 
cord and meninges were found to be healthy at the autopsy. 

Exp. 1. Puppy. Section of the And, 3rd, 4th, 5th, 6th posterior post- 
thoracic roots; animal allowed to live 16 days. 

During life the knee-jerk was absent and there was marked ataxia of the 
limb on the side of the lesion, but the peculiar paralysis of the foot which 
accompanies these lesions was not present. The roots cut were carefully 
counted from the last dorsal and the extent of the section confirmed by the 
resulting Wallerian degeneration in the proximal part of the roots. 

2nd to 5th segments. All cells were found normal, including those of 
Clarke’s column where this was seen. 

6th segment. Considerable number of altered cells found, the change was 
limited to the side of the lesion. 

Exp. 2. Puppy. 5th, 6th, and 7th posterior post-thoracic roots cut. 
Animal allowed to live 13 days. — life the ataxia was less marked than 
in the previous case. 

5th and 6th segments normal. 
th segment. 90 sections were examined, very few altered cells were 
found, but those which were affected showed marked chromatolysis and were 

chiefly confined to the postero-lateral group. 
Exp. 3. Puppy. 4th, Sth, 6th posterior post-thoracic roots out Animal 
allowed to live 10 days. 

4th segment normal. 

5th and 6th segments. Chromatolysis was found in the cells of both 
segments, but more extensively in the sixth. 

Exp. 4. Puppy. 4th to 8th posterior post-thoracic roots cut. Animal 
allowed to live 17 days. This animal exhibited the typical ataxia and 
dropping of the foot from paralysis. On microscopical examination I was 
unable to detect any changes in the cells. 


These experiments bear out in the main the results previously 
recorded, Two points deserve notice: 

(1) The absence of change found in the last observation. I have 
now recorded the result of 15 experiments of this nature and changes 
have been found in all but two cases, viz., this one and in the case of 
a cat the cervical posterior roots of which were cut. I have little doubt 
that the reaction of cells to lesions of their processes is to some degree 
a variable one. In a fairly large number of cases in which an anterior 
root of the cord was cut I have been struck by the difference in degree 
to which the cells of origin show the characteristic change of chroma- 
tolysis. The same is true of observations on cranial nuclei and accounts 
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for the different results obtained, for example, by Bernheimer and 
Schwabe in their elaborate investigations on the oculomotor nucleus. 
Cases of my own previously recorded also indicate this difficulty, and 
similarly in peripheral neuritis whilst the nerves may have undergone 
profound degeneration, a corresponding alteration in the cells of origin 
in the cord have not always been found. 

Many factors must indeed influence the metabolism of the cell, and 
the capability of repair has now been sufficiently demonstrated. 
Although therefore there is no doubt of the great utility of the Nissl 
method in localising the cells of origin of nerve fibres, the method has 
limitations and cannot be too absolutely relied upon. 

(2) The position of the altered cells in the above observations is 
in general similar to that found in previous experiments, viz, in the 
lower segments and where the posterolateral cell group is developed, 
they are chiefly found in that region. 

(8) On the cells of Clarke's column. The intimate relation which 
Clarke’s column bears to the posterior roots affords an excellent oppor- 
tunity of studying the influence which one neuron exerts upon another. 
In the cat this group of cells is most marked about the second lumbar 
segment, and hence this region was selected for experiment. 

7 Exp. 1, Oat. 2nd, 3rd, 4th posterior post-thoracic roots cut. Animal 
allowed to live 14 days, 

Condition of Clarke’s column: 218 sections were examined, about a 
quarter of the cells showed chromatolysis on the side of the lesion, at 

places the change was very pronounced so that nearly all the cells were 

affected. 


Exp. 2. Cat. Ist and 2nd posterior post-thoracic roots cut. Animal 
lived 15 days. 


Condition of Clarke’s column: a few cells only showed chromatolysis on 
the side of the lesion. 


Exp. 3. Cat. Ist and 5th inclusive, posterior post-thoracic roots cut. 
Animal allowed to live 16 days. 

Condition of Clarke’s column: on the side of the lesion 179 cells were 
counted, of these 38 showed chromatolysis. On the opposite side 143 cells 
were counted, and of these 4 showed chromatolysis. A few cells also of the 
ventral cornua of the 4th and 5th segments were found affected. 


These observations further illustrate the view previously expressed, 
and show, as also do the experiments having reference to ventral cornual 
cells, that the amount of change produced increases with the number 
of roots cut, a result probably due to their wide intraspinal distribution. 
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II. CONDITION OF THE CELLS OF THE CORD BELOW THE SITE 
OF COMPLETE OR PARTIAL TRANSECTION. 


Schäfer“ pointed out in March of last year that section of the 
dorsal and also of the ventral cerebellar tracts in the cord was followed 
by chromatolysis and ultimate atrophy of Clarke’s column. I had 
observed that this happened after hemisection of the cord and gave an 
account of my experiments in this Journal. ) 

Prof. Schäfer's experiments were made chiefly on monkeys, mine 
on cats. 

I now add a few further observations on this subject. 

1, Cat. A lesion of the cord about the 9th dorsal segment was made 
with the intention of injuring the dorsal cerebellar tract alone. The Marchi 
degeneration which resulted in 21 days is shown in Fig. 1, sketched from 
a section taken several segments above the site of the lesion. 

A distinct diminution in the number of cells in Clarke’s column throughout 
the 2nd lumbar segment was found on the side of the lesion. A _ also 
showed marked chromatolysis. 

2. Cat. The lesion was similar to that in the previous experiment and 
the subsequent changes found were the same. 

3. Cat. The lesion extended more anteriorly in the spinal cord so as to 
involve the ventral as well as the dorsal cerebellar tract. The ascending 
degenerations which resulted are indicated in Fig. 2. 

Clarke's column was affected in a similar manner, but not to a greater 
extent than noted in the preceding cases. ; 


Fig. 1. Fig. 2. 
Drawn by the help of Edinger's drawing apparatus, showing e wang ied 
degeneration as indicated by the Marchi method. 
Fig. 1. Involving chiefly the dorsal cerebellar tract. 
Fig. 2. Involving both the dorsal and ventral cerebellar tracts. 


1 This Journal, xxtv. (Proc. Phys. Soc. p. xxii.) 1899. 
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It appears from these experiments that the cells of Clarke’s column 
not only show chromatolysis after section of their axons, but seem to be 
very susceptible to such interference, as atrophy also takes place at an 


early date. They are thus distinguished by the absence of a tendency 


to repair which is characteristic of other cells after a lesion of their 
axons, 

This is also well shown in a series of cases, for the material of which 
I am indebted to the kindness of Professor Sherrington, who in three 
young dogs, divided the cord between the 7th and 8th cervical roots. 
They were allowed to live 56, 96, and 149 days respectively. The cells 
of Clarke’s column were found to nave almost entirely disappeared, or 
to be reduced so much in size as to be barely recognisable. In this 
series of experiments it was noted that the anterior cornual cells, 
including those of the lateral horn in the dorsal region were quite 
normal; a fact which conclusively shows that mere disuse is incapable 
of producing any structural alteration, and further that the loss of 
impulses from above are less potent in affecting the bio-chemical 
constitution of the cells than the abolition of those from the peripheral 
nervous system. 


III. THE CELLS OF CORD AFTER SECTION OF AN ANTERIOR ROOT. 


I have now divided the 6th, 7th, 8th, and 9th post-thoracic anterior 
roots, in several instances. 


Throughout this region of the cord the cells which showed stone 
tolysis were limited to the outer part of the grey matter, and can be 
divided into an anterior and posterior group. Practically all these 
cells, which are very large ones, showed the characteristic alteration, 


though in varying degree. They are therefore to be regarded as cells 
of origin of root fibres. : 


The remaining cells of the anterior horn comprise those occupying 


the middle part of the grey matter and those situated anteriorly close 


to the median fissure. They are considerably smaller than those in the 
lateral part of the horn, and as they showed no change after the root 
sections they cannot on the evidence afforded by the Nissl method be 
regarded as giving origin to root fibres. These observations, so far as 
they go, support the view of von Lenhossek' that the internal anterior 
group is commissural in nature, whilst those situated more medially 
give rise to axons passing into the white matter of the same side. 


1 von Lenhossek. Der feinere Bau des Nervenssystems, p. 316. Berlin. 1896. 
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This author is however not in agreement with Kaiser and Golgi, 
and further observations on the cells in other regions of the cord are 
yet necessary before their functions can be established. 


The question as to the essential factor in the causation of the 
reaction of a motor cell to a lesion of its axon has been much discussed. 
The general view and that adopted by von Lenhossek, Goldscheider, 
van Gehuchten, and Marinesco is that it is due to the interference 
with reflex impulses which by the paralysis of the muscle cease to act 
upon the cell. 

If this reaction was however due purely to the condition of the 
afferent limbs of the reflex are, one would expect the same degree of 
change to occur when the posterior roots are cut, whereby all impulses 
are abolished. I have previously emphasised the fact that after this 
lesion only a portion of cells suffer, whereas section of an axon is 
generally followed by alteration in all the cells of origin. 

Nor does the above view appear consistent with the opinion of 
van Gehuchten’ that repair of the altered cells takes place even 
if the continuity of the nerve is not restored. That under such 
conditions repair ¢ can take place has also been stated by Nissl* and 
myself! 

In order to 3 the repair, we must 1 think assume that at the 
seat of the lesion some disturbance, either chemical or physical, is set 
up and propagated towards the nerve-cell, and that with lapse of time 
the condition gradually permits a restitutio ad integrum. 

In this connection it may also be noted that both Marinesco and 
- Forel consider that a nucleus of origin suffers much more severely after 
the tearing out of its nerve than after simple section. 

I do not doubt that the reaction of a cell to a lesion of its axon is 
in part due to the abolition of certain afferent impulses; when however 
these are all cut off we find the individual cells are more severely 
affected, and on following their ultimate fate many disappear. 


I have the pleasure of acknowledging, as on previous occasions, the aid 
given to me in carrying out this work by the Scientific Grants Committee of 
the British Medical Association. ) 


1 van Gehuchten. La Presse Médicale. Jan. 4th, 1899. 
2 Nissl. Münch. med. Wochensch. p. 6. 1898. 
This Journal, xxiv. p. 469. 1899. 
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REMARKS ON THE RESULTS OF DEGENERATION 
OF THE UPPER THORACIC WHITE RAMI COM- | 
MUNICANTES, CHIEFLY IN RELATION TO 
COMMISSURAL FIBRES IN THE SYMPATHETIC 
SYSTEM. By J. N. LANGLEY, Deputy Professor of Phy- 
stology in the University of Cambridge. 


Physiological evidence against commissural fibres. 


SomE time ago I pointed out! that 1 pc. nicotine applied to the 
ganglion stellatum, or to the inferior cervical ganglion of the cat 
produces none of the stimulating effects—such as dilation of the pupil 
and retraction of the nictitating membrane—which it produces when 
applied to the superior cervical ganglion. From this, and from other 
facts, I have argued that the lower ganglia do not send nerve-fibres 
either to the superior cervical ganglion, or to the structures of the head 
supplied by this ganglion. 

In order to obtain further evidence on this matter, I have made 
some experiments by the degeneration method. The white rami 
communicantes which run to the ganglion stellatum were cut, and after 
their peripheral ends had degenerated, the cervical sympathetic was 
stimulated. Such stimulation must cause dilation of the pupil, or some 
other effect in the head, if the ganglion stellatum, or the inferior 
cervical ganglion, sends nerve-fibres either to the superior cervical 
ganglion or to the tissues of the head. 

Operation. of nerves. 
Exp. 1. Cat, large. The rami communicantes of the Ist 6 days 

and 2nd thoracic nerves, and the sympathetic 

trunk on the thoracic side of the ganglion 

stellatum were cut. 


Exp. 2. Kitten. Operation as in Exp. I. 11 days 


1 This Journal, x1. p. 152, 1890, and 4 Short Account of the Sympathetic System, 1896, 
p. 5. 
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Time allowed 
for degeneration 


Operation. of nerves. 
Exp. 3. Cat, about half. grown. Operation as in Exp. 1, 34 days 
and in addition the ramus vertebralis and other 
grey rami connecting the ganglion stellatum with 
the cervical nerves were cut. 
Ether was used as an anesthetic during the operation, and chloral given 
at the end of it. At the later date when the nerves were stimulated, chloro- 
form and the A. C. k. mixture were used as anzsthetics. 


In all three experiments, stimulation of the cervical sympathetic in 
the lower (thoracic) third of the neck, produced no trace of effect either 


on the pupil, nictitating membrane, — hairs, blood vessels of ear 
or conjunctiva. 


In Exps. 1 and 2 no effect was produced by stimulating any part of the 
cervical sympathetic up to the superior cervical ganglion. 

In Exp. 3 the upper part of the sympathetic caused a slow and slight 
retraction of the nictitating membrane, and a slight momentary dilation of 
the pupil. On microscopical examination nerve-cells were found about the 
level of the thyroid artery. It will be remembered that occasionally the 
injection of nicotine does not prevent a slight effect—usually on the nictitating 
membrane—from being obtained by stimulation of the cervical sympathetic 
a little below the ganglion. I have seen a similar slight effect persist after 
section of the cervical sympathetic, and degeneration of its peripheral end. In 
all such cases in the cat I have found that some nerve-cells are present in the 
nerve before it reaches the superior cervical ganglion. The effect is then due 
to post-ganglionic fibres arising from nerve-cells, which occur on the course 
of the cervical sympathetic fibres in the middle and upper part of the neck, 
and which normally form part of the superior cervical ganglion. In all three 


experiments, stimulation of the superior cervical ganglion itself gave rise to 
normal effects. 


The result shows that the nerve-cells of the ganglion stellatum and 
those of the inferior cervical ganglion do not send nerve-fibres either to 
the nerve-cells of the superior cervical ganglion, or to the head by way 
of the cervical sympathetic. : 

I have shown that the nerve-cells of the superior. and inferior 
cervical ganglia do not send nerve-fibres to the pilo-motor, vaso-motor 
or secretory nerve-cells of the ganglion stellatum'. There is, then, I 
think complete proof that the great majority of the cells of these three 
ganglia are not connected with one another. The only nerve-cells not 


1 Cinquantenaire de la Société de Biologie, Vol. Jubilaire, 1899, p. 220. 
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investigated are those of the ganglion stellatum which send fibres to the 
heart and lungs, and some of the cells of the inferior cervical ganglion, 
but there is no reason to suspect that the connections of these cells are 
different in kind from those of other nerve-cells, and the conclusion that 
these three ganglia are not connected by commissural nerve-fibres may 
I think properly be made. 

If there are no commissural fibres between these ganglia, it is 
extremely unlikely that there are commissural fibres between any 
ganglia of the sympathetic. In several earlier papers I have given 
evidence on this point with regard to particular ganglia, and the later 
experiments I have made have only served to support the view that 
no ganglion of the sympathetic sends nervous impulses to the cells of 
any other sympathetic ganglion. The principal facts bearing on the 
question are the following: 

1. Stimulation of the fibres between the collateral ganglia (solar 
and inferior mesenteric) and the lateral ganglia does not give rise to 
any effect in the region governed by the lateral ganglia. 

2. In the normal state, all the effects obtained by stimulating 
any part of the lateral sympathetic chain are such as must occur in 
consequence of the presence of known pre-ganglionic or post-ganglionic 
fibres, and there is nothing left over even to suggest the presence 
of commissural fibres or of sensory fibres producing a reflex from the 
ganglia. | 

3. When the pre-ganglionic fibres have degenerated, all the effects 
obtained by stimulating any part of the sympathetic in the affected 
region are such as must be produced by the known post-ganglionic 
fibres. (a) Stimulation of any one ganglion produces purely local 
effects, i. e. effects confined to the areas supplied by the ganglion, and 
it does not lead to the excitation of nerve-cells in any other ganglion. 
(b) Stimulation of the nerve trunk between two ganglia produces no 
effect unless post-ganglionic fibres are present. (c) The condition is 
unaltered by injecting nicotine, and is in fact identical with tbat 
produced by nicotine in a normal animal. 

In all the experiments in which I have had occasion for various ends to 
cut the lumbar sympathetic or the roots of spinal nerves, and to allow 
degeneration of nerve-fibres to take place, I have made observations on the 
effects of stimulating the regions in which degeneration occurred. The net 
result is so completely covered by the statement I have given above (§ 3), 
that I do not think it worth while to set forth the results of the individual 


experiments. 
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Absence from the nerous vertebralis of efferent fibres arising in 
the spinal cord. 


A-considerable number of observers have described efferent pupillo- 
dilator and vaso-motor nerve-fibres as running in the rami of the lower 
cervical nerves. Gaskell’ pointed out that these were grey rami, 
and therefore could have few if any efferent fibres. Experimentally 
I found that no such fibres were present“. The absence of such fibres 
is confirmed by the results of Exps. 1 and 2. In these, the rami 
between the cervical nerves and the ganglion stellatum were uncut. 
They remained functional, for stimulation of them caused erection of 
hairs in the region of the lower cervical nerves, and secretion and pallor 
of the fore-foot. But as we have seen they sent no efferent fibres to 
the cervical sympathetic, for the cervical sympathetic had entirely lost 


its function. 


Histological evidence against commissural fibres. Notes on the 
medullated fibres of the thoracic and cervical sympathetic. 


In teasing out the sympathetic after the pre-ganglionic fibres have 
degenerated there are two points which must be borne in mind, first 
that the vagus often sends some medullated fibres to the cervical 
sympathetic, and secondly that some of the nerve-fibres which the 
ganglia send to the periphery are medullated and may accompany the 
pre-ganglionic fibres for a certain distance. 

The vagus usually sends some medullated fibres to the superior 
cervical ganglion near the cervical end of the ganglion. If these fibres 
are few, they run, so far as can be seen, to the lower grey rami“ of the 
ganglion. If they are at all numerous, most of them are collected into 
a small bundle which runs down the cervical sympathetic for a variable 
distance, and then either returns to the trunk of the vagus, or passes 
to the depressor nerve. Not uncommonly the depressor nerve, arising 
from the superior laryngeal, joins the sympathetic a little below the 
superior cervical ganglion, penetrates the sheath of the sympathetic, 
and runs with it as far as the inferior cervical ganglion. Further, 


1 Gaskell. This Journal, vn. p. 1. 1886. 
2 Langley. Phil. Trans. Roy. Soc. cuxxx. p. 85. 1892, 
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the vagus sometimes sends a few medullated fibres to the cervical — 
sympathetic a little above the inferior cervical ganglion. . These. leave 
the nerve at the ganglion, and pass out with the branches which leave 
the ganglion to enter or accompany the vagus. 

The grey rami given off by the ganglia must also be taken into 
account, Those with which we are concerned here have a few 
medullated fibres only, but it is rare to find even a small grey ramus — 
which has none. Most of the grey rami run direct from their ganglia 
of origin, and though they may accompany the sympathetic trunk for 
a time, they are easily separated from it. But some rami run inside 
the sheath of the sympathetic in the first part of their course. The 
ganglion stellatum usually sends some fibres to the vagus by way of the 
annulus of Vieussens, and there may leave the sympathetic with the 
rami given off by the inferior cervical ganglion. The inferior cervical 
ganglion may send fibres to the vagus by way of the cervical sympa- 
thetic, the fibres leaving the sympathetic two or three centimetres from 
the inferior cervical ganglion. The superior cervical ganglion may send 
some fibres down the-sympathetic. Thus when the depressor joins the 
sympathetic the grey ramus, which apparently runs as a rule direct 
to the vagus or depressor, may run down the sympathetic, join the 
depressor inside the sheath of the sympathetic and accompany the 
depressor in the rest of its course. Occasionally too I have seen a small 
filament leave the sympathetic to run to the artery which accompanies 
the vagus and sympathetic in the neck. Lastly there may be small 
groups of nerve-cells in the cervical sympathetic between the superior 
and inferior cervical ganglia, and these give off grey rami which run 

for a variable distance in the sheath of the sympathetic. 
Thus if medullated fibres are found in the cervical sympathetic 
after the fibres arising from the thoracic rami communicantes have 
degenerated, it is necessary-to show that they are neither vagus fibres 
nor Post- ganglionie fibres on their way to the periphery, before any other 
origin can be properly attributed to them. 

The conclusions I draw from the histological observations are as 
follows : 

The medullated fibres, which remain after degeneration of the pre- 
ganglionic fibres arising from the thoracic white rami, are either vagus 
fibres or fibres of grey rami. Consequently no medullated fibres run 
from ganglion to ganglion, and none run from the cervical rami 
communicantes to the cervical sympathetic. 

The medullated fibres of the vertebral nerve and of the nerve 
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commonly called the accelerator are chiefly post-ganglionic fibres from 

the ganglion stellatum. The thoracic rami send a few fibres (2 to 8 
or 10 ) to the accelerator nerve, and they may send two or three to 
the.vertebral nerve. Few or no medullated pre-ganglionic fibres run in 
the branches which proceed from the inferior cervical ganglion to the 
heart and lungs. 

No medullated fibres run from the ganglion stellatum to the 
thoracic white rami, and for this and other reasons I do not accept the 
view that the sympathetic ganglia contain sensory nerve-cells which 
send processes to end in connection with the cells of the spinal ganglia. 
It must be noticed that this conclusion as well as the conclusion given 
above as to the absence of commissural fibres between the ganglia is in 
contradiction to the results obtained by Dogiel, Cajal and others by 
the methylene blue and Golgi methods of staining. But many of their 
observations were made on foetal or very young animals, and it is possible 
that nervous connections existing in such animals may later disappear. 


For histological examination I had, in addition to the nerves of the 
animals used in Exps. 1, 2, and 3, the nerves of two half-grown cats which 
Dr Anderson was kind enough to place at my disposal. On these he had, 
for the purposes of his investigations on the heart, performed an operation 
similar to that of Exps. 1 and 2. I shall refer to them as Exps. 4 and 5; in 
Exp. 4 the time allowed for degeneration was 5} days; in Exp. 5, it was 
7 days. In Exps. 1, 4 and 5 the degeneration was not far enough advanced 
to allow the number of sound fibres to be satisfactorily counted in the annulus 
of Vieussens and in the cervical sympathetic, but it sufficed to allow the 
degenerated fibres to be counted when they were few in number. In Exp. 3 
a few myelin globules only remained, in Exp. 2 these were more numerous, 


though still scanty. 


Exp. 2. In the dorsal limb of the annulus there were no sound fibres, 
in the ventral limb there were 4 of 2 u, and 1 of 4. The inferior cervical. 
ganglion sent off a number of small grey rami and one rather large one, these 
rami contained a few small sound fibres and none degenerated. The depressor 
nerve, arising from the superior laryngeal, entered the sheath of the cervical 
sympathetic about a centimetre from the superior cervical ganglion and only 
left it at the inferior cervical ganglion. A bundle of non-medullated fibres 
with 9 to 12 small medullated, ran downwards from the superior cervical 
ganglion just under the sheath of the cervical sympathetic and joined the 
depressor fibres. The depressor fibres left the inferior cervical ganglion in 
two bundles, each receiving fibres from it. Most of the fibres spoken of above 
as descending from the superior cervical ganglion ran into the upper depressor 
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bundle, the rest ran into the inferior cervical ganglion towards the lower 
depressor bundle, but they could not be followed through the mass of nerve- 

cells, In the cervical sympathetic just below the superior cervical ganglion, 

there were three small medullated fibres, which could not be definitely traced 

to the descending grey ramus bundle. A transverse section of the sympathetic 

in the middle of the neck showed no sound medullated fibre except in the 

region of the depressor, here there were about a hundred. The grey rami 

given off from the superior cervical ganglion contained no degenerated fibres, 
nearly all the anterior rami contained many sound medullated fibres, the 
other rami a few. A small ramus running to the vagus just below the 
ganglion of the trunk contained a few sound fibres arising from the vagus. 


_ Exp. 3. The two limbs of the annulus of Vieussens taken together 
contained 11 sound small medullated fibres. Some, but not all, could be 
followed into the grey rami of the inferior cervical ganglion. In the cervical 
sympathetic a little above the inferior cervical ganglion, there were 6 small 
sound medullated fibres, which a little higher up arose from the vagus. A 
little below the thyroid artery there were no sound fibres. Then came a 
group of nerve-cells, above these, 3 small medullated fibres were found, 
their course upwards was not traced, but they were not present im- 
mediately below the superior cervical ganglion. The upper one and a half 
centimetres of the cervical sympathetic contained a small bundle of sound 
vagus fibres, these ran to it from the vagus at the lower end of the superior 
cervical ganglion, and left the sympathetic a little above the thyroid artery. 
The grey rami of the ganglia were similar in constitution to those in Exp. 2 
but contained rather more sound fibres. 

It was noticeable in both Exps, that the leucocytes crowded. with 
granules were far more numerous amongst the nerve-fibres of the cervical 
sympathetic than amongst those of the annulus of Vieussens; this is 
probably due to the larger number of vessels in the neighbourhood of the 
former. 

Accelerator nerve. In Exp. 1 there were a few degenerated fibres, of all 
sizes, and two to three times as many sound. The case was much the same 
in Exps. 4 and 5. In Exp. 3 such degeneration as had occurred had left no 
sign. The small number of fibres degenerating in the nerve is striking, in 
view of the very marked sensory function which it has normally. 

Vertebral nerve. In Exp. 1 there were 1 large, 1 medium, and 3 small 
degenerated fibres near the ganglion; near the 7th cervical nerve 1 medium 
and 1 small degenerated only were found. In Exp. 2 no degenerated fibres 
were found in the vertebral nerve, it contained a dozen to a dozen and a half 
medullated fibres, nearly all about 2 u in diameter. 

Thoracic sympathetic trunk below the place of section. In all the experi- 
ments (both sides in Exps. 4 and 5) there were half-a-dozen to a dozen 
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degenerated fibres. In Exp. 1 about half-a-dozen fibres were present in 
the trunk as far as the 9th thoracic ganglion—the lowest part examined; 
they ran together with some non-medullated fibres. The origin and 
destination of these fibres I have not determined. In teased preparations 
I have never seen any small fibres of the 3rd white ramus run downwards ; 
the 4th white ramus sometimes, but not always, sends some small fibres 
downwards. The 5th ramus appears constantly to have a descending small 
fibred branch. It is noteworthy that nearly all the large fibres run down- 
wards, and I have seen one or two such fibres from the 3rd thoracic white 
ramus. 

White rami. In no case was a degenerated fibre found in any of the 
thoracic white rami from the 3rd to the 6th inclusive. Nor were any found 
in the grey rami, except in those which had been cut in the operation. 


Afferent fibres of the cranial branches of the superior cervical ganglion, 
and of the vertebral branch of the ganglion stellatum. 


Frangois-Franck’, in some recent papers, states that the cervical 
sympathetic receives sensory fibres by way of those anterior branches 
of the superior cervical ganglion which connect it with the 9th, 11th 
and 12th cranial nerves and that the fibres run down the cervical 
sympathetic to be distributed to the thoracic viscera. He also states 
that the vertebral branch of the ganglion stellatum contains sensory 
fibres for the thoracic viscera’. 7 

Both of these statements seem to me to be essentially incorrect. 
By this I mean that, although one or two nerve-fibres may possibly in 
some cases take the course indicated by Frangois-Franck, the only 
paths of appreciable importance for the afferent impulses passing from 
the thoracic viscera, are on the one hand the upper thoracic white rami, 
and on the other the vagus. 

My observations have been made chiefly on the cat, and the details 
which follow apply to that animal, but I do not think the state of 
things differs, except in detail, in the dog and rabbit. 

If sensory fibres run down the cervical sympathetic from the 
anterior branches of the superior cervical ganglion, section of these 
branches should cause degeneration in some of the nerve-fibres of the 
cervical sympathetic. In two cases I have cut these anterior branches; 


1 Journ, de Physiol, et de Path. gén. 1899, pp. 724, 758, 1176, 1202. 

2 “ Pinsisterai surtout sur le role du nerf vertébral comme nerf sensible apportant a la 
moélle cervicale des impressions qui proviennent des organes thoraciques et peut-étre 
aussi de certains organes abdominaux. W 1185. 
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and examined the cervical syripathatic about a week later; in neither 
case were there any degenerated fibres in the nerve’. 

Fiurther, if sensory fibres are present, there should be, after section 
of the cervical sympathetic, undegenerated fibres in not inconsiderable 
number in the upper end of this nerve. I find, that after such a lesion 
there may be not a single fibre undegenerated in the upper end of the 
nerve. The variations which occur are like those I have described 
above as occurring after section of the thoracic white rami. } 

I have assumed that the sensory fibres if present would be medul- 
lated, for there is no known instance in which sensory fibres of the kind 
in question became non-medullated early in their course. But there is 
other evidence which does not involve this assumption. If the cervical 
sympathetic 1 is isolated from the vagus, as far as the anterior third of 
the superior cervical ganglion, stimulation of the head-end of the 
cervical sympathetic does not as far as my experiments go produce any 
certain reflex effect. 


My experiments have been made upon anesthetized animals. For testing 
the fibres of general sensibility I have proceeded as follows. The animal is 
left unfastened, so that the slightest movement can be noticed, the upper end 
of the isolated sympathetic is laid across the electrodes, and in 5 to 10 seconds, 
the key of the secondary coil is opened; and the nerve stimulated. The 
customary peripheral effects are produced, and there may be a contraction of 
the opposite pupil due to the dilation of the pupil on the side stimulated, but 
I have not observed the faintest movement indicating general sensibility, 
even at a time when touching the skin of the body causes retraction of the 
nictitating membrane, and dilation of the pupil. 


In some cases there is a similar absence of reflex effect on stimu- 
lating the cervical sympathetic, when it is not separated from the vagus. 
In other cases marked depressor effects are obtained, and there may be 
slight body movement. But in my experiments when a reflex was 
obtained not only did microscopical examination show the presence in 
the sympathetic of vagus fibres such as I have described above, but 
in addition section of the anterior branches of the superior cervical 
ganglion did not put an end to the reflex action. 

With regard to the vertebral nerve, Frangois-Franck describes it 
as giving rise to.strong 95 reflexes as well as to reflex effects on the 


1 Some ieee fibres were present in the ganglion and in certain of. the ent 
rami of the ganglion. Cp. this Journal, XX. p. 71. 1896. 
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The vertebral nerve is in structure a grey ramus; in the cat it 
contains but few medullated fibres, usually perhaps 12 to 20, i. e. many 
less than the grey ramus of the 7th lumbar ganglion. As I have 
pointed out! no certain reflex of any kind can be obtained from the 
lumbar grey rami, although they probably contain a few afferent fibres“. 
These facts make it, I think, most improbable that the vertebral nerve 
has & pronounced and obvious sensory function. And I have made 
direct experiments on the point. At various times during the last nine 
years, I have stimulated either the vertebral nerve, or the annulus 
of Vieussens when its only connection with the spinal cord has been 
by means of the vertebral nerve, and I have never found a reflex effect 
on the blood-pressure, or respiration, or on the body muscles, which I 
could attribute with certainty to the stimulation. If the annulus 
remains connected with the spinal cord by any one of the first six. 
thoracic white rami—the lower ones I have not tried—it readily causes 
a rise of blood-pressure and other reflex actions. And there is no diffi- 
culty in stimulating the vertebral nerve so as to obtain secretion from 
the foot and erection of hairs of the back without any body reflex. 

The difference in Frangois-Franck’s results and my own, I can only 
attribute to his having left intact the small nerve which runs to the 
thoracic part of musculus longus colli. This nerve arises, chiefly at 
any rate, from the 7th cervical nerve, it attaches itself to the grey 
ramus which runs from the ganglion stellatum to the 7th cervical, 
leaves this to run on the dorsal surface of the ganglion stellatum and a 
little below the ganglion enters the musculus longus colli. Stimulation 
of this nerve produces strong body reflex and the other effects described 
by Francois-Franck as produced by the vertebral nerve. Unless 
detached from the vertebral nerve, the nervus longus colli will 
inevitably be stimulated on stimulating the vertebral. 


There are one or two other points which call for mention in the 
Frangois-Franck’s account. 

He traces the vertebral nerve in the cat as far as the 5th cervical nerve. 
I have formerly traced it in this animal as far as the 3rd nerve, and given a 
figure of it. (This Journal, xv. Pl. vil. Fig. 2, 1893.) I have also shown 
that the vertebral nerve sends vaso-motor and pilo-motor fibres to 3rd, 4th 


and lower cervical nerves. And Fletcher has shown that the vertebral ... 


nerve in the rabbit sends vaso-motor fibres to the ear by way of the 3rd 
cervical nerve. (This Journal, xxu. p. 259. 1898.) 


' Phil, Trans, Roy. Soc. cuxxxm1. p. 120. 1892. 
* This Journal, xx. p. 71. 1896. 
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Frangois- Francek speaks of the vertebral nerve as a re- duplication 
(dédoublement) of the cervical sympathetic. The expression seems to me 


unfortunate. The vertebral nerve consists almost entirely of post- ganglionio 
fibres, and save that it passes to several nerves, it corresponds to the grey 


ramus of a lumbar or sacral ganglion. The cervical sympathetic consists 
almost entirely of pre-ganglionic fibres, and it corresponds to the trunk of 
the sympathetic between two lumbar or sacral ganglia. 


Frangois-Franck represents the first three thoracic nerves as — — 


fibres to the foot by way of the ganglion stellatum and vertebral nerve. I 
do not know on what experimental basis this rests but I have earlier given 
evidence that the 4th thoracic nerve is the highest which normally sends 
secretory or vaso-motor fibres to the foot of the cat (This Journal, xu. 
pp. 366-377. 1891), and Bradford and Bayliss have found the same nerve 
to be the highest which sends vaso-motor fibres to the foot of the dog. (This 
Journal, xu. 377. 1891; xvi. 10. 1894.) 


SUMMARY. 


When the fibres which run from the thoracic nerves to the sympa- 
thetic have degenerated, stimulation of the cervical sympathetic nerve 


has no effect upon the iris, the blood vessels or other tissue of the 


head ; it follows from this that the cervical spinal nerves and the nerve- 
cells of the ganglion stellatum and inferior cervical ganglion send no 
fibres to the head by way of the cervical sympathetic. 

Reasons are given for the view that the nerve-cells of the sympa- 
thetic ganglia are not connected by commissural nerve-fibres, cp. p. 470. 

The conclusions drawn from the histological observations are given 
on pp. 472, 473. 

No afferent fibres run to the cervical sympathetic by way of the 
anterior branches of the superior cervical ganglion. The vagus 
sometimes sends depressor and other afferent fibres to the cervical 
sympathetic, but they take no constant course. 

The vertebral nerve has no appreciable function as an afferent 
nerve, but stimulation of the nervus longus colli attached to it produces 
marked reflex effects. 
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THE GASEOUS METABOLISM OF THE SUBMAXIL- 
- LARY GLAND. By JOSEPH BARCROFT, MA, BSc. 
Fellow of King’s College, Cambridge. (Five Figures in Text.) 


Part II. On the absorption of water from the blood during its 
passage through the active gland. 


(From the Phystological Laboratory, Cambridge.) 


A NUMBER of analyses of arterial blood and of venous blood from the 
active submaxillary. gland show that the percentage difference in 
oxygen is often very slight, and in some cases the latter contains more 
oxygen than the former. The purpose of this part of my research was, 
firstly to find out the cause of so paradoxical a result, and secondly to 
state the factors discovered in some quantitative form so that a correct 
comparison between arterial and “chorda” bloods“ in respect to their 
volumes; for equal volumes of the two are not comparable. The ex- 
periments described below will show that the blood loses a considerable 
percentage of water during the secretion of saliva, and that it is, therefore, 
possible for each corpuscle to lose oxygen whilst traversing the gland, 
and yet for “chorda blood” to contain as great a percentage of oxygen 
as the arterial. . 

This difference of concentration may be shown by counting the 
corpuscles in the arterial and the chorda bloods. Ten cubic centi- 
metres of blood are withdrawn into a measure containing 1 cc. of a 
1% solution of potassium oxalate, and a series of counts are made with 
the Thoma-Zeiss Hæmocytometer. When allowance has been made 
for the oxalate the relative number of corpuscles in the arterial and 
chorda bloods give the relative concentrations. Knowing the concen- 
trations the volume of arterial blood corresponding to 9 c.c. of chorda 
blood is calculated. This volume minus 9 c. c. gives the water lost from 
the “chorda blood.” By direct observation the quantity of saliva secreted 


1 Part I. See this Journal, xxv. p. 265. 1900. 
: 2 By the term ‘Chorda Blood’ I shall designate ‘Venous blood emerging from the 
su bmaxillary gland during chorda stimulation.’ 
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during the withdrawal of the chorda blood is determined for comparison 
with the quantity of water lost from the blood. Eight such experi- 
ments showed that the mean ratio of the saliva secreted to the water 
lost was as 1: 1°14. The results of individual experiments differed 
considerably, and are, therefore, appended. 


Experiment 1 1 4 5 6 7 8 Mean 


to ale] 80 125 48 180 150 159 130 144 


To ascertain whether the individual differences were due to experi- 
mental error, a much more exact method was employed, namely, that of 
comparing the arterial and chorda bloods by the calorimetric method 
described by Haldane and Lorrain Smith’. With sufficient practice 
this method may be relied upon to give accuracy up to 1% in compara- 
‘tive work. After trying various modes of collecting the blood, I settled 
down into the following routine. No cannula from which to collect 
the blood is put into the jugular vein, Immediately before the experi- 
ment begins the vein is cut about an inch from its bifurcation. The 
central end is clamped. The distal end is held in the forceps, and at the 
given signal it is put into the mouth of the graduated vessel used for 
collecting the blood. 

This measure was a tube about 10 inches long, holding 10 c.c. and 
graduated in tenths of a cubic centimetre. Ten tubes were prepared 
before every experiment, each containing 1 Cc. of a 2°/, solution of 
potassium oxalate, through which the blood sinks owing to its greater 
specific gravity. The saliva was allowed to flow into a glass’ tube 
(previously calibrated). The point at which the saliva stood in the 
tube was marked before the experiment began. The nerve was laid on 
electrodes fixed in a clamp. At the word “on” the key in the secondary 
circuit was opened and stimulation of the chorda commenced. Simul- 
taneously the cut end of the vein was put into the mouth of the 
measure. After 30 seconds the word“ change was given. The position 
of the meniscus of saliva was marked on the tube with Indian ink from 
a fine pen; the cut end of the vein was changed from one test tube to 
another. The collected blood was handed to me at once, the volume 
was read, and the blood was at once poured into a 100 c.c. measuring 
cylinder together with the washings of the tube. Eight such samples 
were collected. Immediately before and immediately after the collection 


“4 This Journal, xxv. p. 882. 1900. 
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of the venous blood, a sample of arterial blood was taken. In a valid 
experiment these agreed in concentration and one of them was used as 
a standard. 

Perhaps I can make the rest of the process most clear by describing 
what happens to a pair of samples. I will suppose one to be a sample 
of arterial blood the volume of which is 88c.c. It is made up to 
880 c.c. and used as a standard. The other, a sample of “ chorda blood,” 
has a volume of 7°9 c.c. ; it, with its washings in the measuring cylinder, 
now amounts to say 30c.c. The volume is made up to 79cc. One 
cubic centimetre of this 10°/, solution is used for comparison with 
the 1°/, solution of arterial blood. If the quantity of distilled water 
necessary (as the result of three determinations) to dilute it to the 
same tint as the standard be 10°1 cc., the relative concentrations of the 
chorda and arterial blood would be as 11°1:10.. The amount of arterial 


blood corresponding to 79 Cc. of chorda blood would be: 79 0. ., 
and the water lost would be: i 70 11 79 c. c. 


In all such experiments great care must be taken to prevent the 
formation of small clots which hold hemoglobin. The four instances 


given below are the only ones out of a large number in which a 


complete series of unexceptionable samples was obtained. They were 
all performed on large dogs anæsthetised with morphia and A. C. k. 
mixture. | 

The particulars of these four experiments are as follows: 


EXPERIMENT I. 


A B O D E 


B Water lost 
Time 

First 4 minute (29. 7 16 
Second 6 8˙44 20 2 17 1:2 
Third re 6:2 50 8 25 2˙0 
Fourth 1 70 ‘$5 33 11 
—  , 70 “45 6 32 14 
Sixth 5 47 7 34 14 

„„ 14 


Seventh „ 78380 50 
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Time 


First minute 


Second 
Third 
Fourth 
Fifth. 
Sixth 
Seventh 
Eighth 


First } minute 


Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
Eighth 


First 4 minute 


Second 
Third 
Fourth 
Fifth 
Sixth 
Seventh 
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Experiment II. 


A 


4°3 c.c. 


B 


58 c. c. 


C 


1 


— 
© 


Quantity of Water lost B 


2˙3 0.0. 42 0. c. 18 
19 45 24 
2˙0 48 24 
1:9 56 29 
2˙0 60 30 
2˙1 56 27 
15 48 32 
2˙3 45 20 
 Expertment III. 
47 C. o. 40 c. c. 
6˙6 35 
7˙9 46 
101 81 
10°3 72 
9˙5 76 
70 
11˙1 68 
ExrRRIUExT IV. 
6˙4 C. c. 8 c. c. 12 
7˙8 52 
4˙9 39 8 
7˙2 40 6 
6˙9 59 9 
6˙9 72 10 
6˙5 75 11 
5˙9 53 9 


3 
5 


42 
Max or Experiments I, II, III AxD IV. 
(Corresponding to Fig. 5.) 
63 c. c. 
‘35 


= D E 

— 
4 — Saliva Saliva secreted ‘ | 
58 c.c. 7 
39 12 
4⁵ 12 
4 50 1:2 | 
3 49 1-1 
42 14 | 
4⁰ 1-1 | 
— 53 7 
q 5 63 6 

75 6 

” 60 1°3 

74 1-0 

‘76 1-0 

3 72 1-0 

4 ‘ 65 1-0 

. First minute 95 c. o. 8 

Second 39 1:3 | 
Fourth ‘50 8 

a Sixth 8 55 1:3 | 
Seventh _,, 62 12 | 
Eight „ 1-3 
3 9 

q 1-1 

q 5˙2 46 4⁵ 1-0 

4 6˙5 53 495 1-1 

6:5 59 53 1-1 

4 6˙4 63 535 1-2 

4 ‘ 6˙6 61 53 1-2 

5) 56 

112 
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In Figures 1, 2, 3, 4 and 5 the values for the saliva secreted and the 
water lost by the blood in successive half minutes are plotted in a curve. 


= Fig. 1. pi Fig. 2. 
6 fr 
60 
20 7 sol}: 
10 
05 05 
00 4 Minutes 2 27 4 Minutes 


For the purpose of obtaining a constant relation between the saliva 
secreted and the water lost, the first minute of stimulation must be 
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ignored as the curves show an irregularity which disappears later. In 
the first half minute there is a rapid flow of saliva followed in the 
second by a comparative pause. The same features appear to almost 
the same extent on the “loss of water curve” in Fig. 5, but in individual 
experiments there are considerable discrepancies during the first minute 
of stimulation between the saliva and the loss of water. 


Cubie: | Fig. 5. 
centimetres 
75 
Volume of 
70 blood emerging 
from gland 
5 65 m g 
Water lost by 
blood 
Sali va 
50 
* 45 i 
40 
35 
30 
25 
15 
10 
05 
0 * 1 1} 2 24 3 34 4 Minutes 


I take this opportunity of thanking Mr J, L. Bunch for having 
shown me saliva curves with 4 eimer initial rise which he has recently 


obtained. 
Alfter the first minute the loss of waht by the blood is always 
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greater than the saliva, are mean ratio between the two ee as 
14 


I have tried to check the above. results by a third method: 8 
that of saturating samples of arterial and chorda bloods with oxygen 
and determining the oxygen by means of the potassium ferricyanide 
method'. Measured quantities of blood were drawn into oxalate, each 
sample containing about 10c.c. The saliva secreted during the interval 
of withdrawal of the chorda samples was noted. These experiments 
showed that the saturated chorda blood always contained more oxygen 


per cubic centimetre than the saturated arterial blood, but the differ-. 


ence was not quite so marked as the methods already described would 
indicate. The following table shows the results obtained from a typical 
experiment. 


Loss 


Percentage 
Time Sample Saliva Oxygen Blood of oxygen of water 
12.30 I. Arterial — 176cc. 95 0. 0. 18˙5 — 
12.51 II. Chorda 1:98 9°0 22°0 17 c. o. 
12.53 III. Chorda 172 1-93 9˙1 21˙2 1˙3 
1.3 IV. Arterial — 158 9˙3 17°0 
14 V. Chorda 1°66 1°68 8˙1 20˙8 1˙8 


For the three comparisons the ratios of the loss of water to 
saliva are 


Samples I and II I and HI IV ana 
Ratio of water lost to saliva tested 9 8 1•1 94 


The ferricyanide method rests under one great disadvantage as 
compared with either the colorimetric or corpuscle counting methods, 
namely that only one comparison can be made by-the ferricyanide — 


method of two samples each of 10 c. c., whilst any number can be made 


by either of the other two methods. The colorimetric method is in fact 
on quite a higher level of accuracy to either of the others, and I have, 
therefore, used the results obtained by it in making the calculations to 


be published in Part III., but it will appear that even if the lower value 


for the ratio of the loss of water to the saliva, given by the ferricyanide 


method be used, the result of blood-gas experiments on the gland would 


not be qualitatively altered. 
The colorimetric experiments show some points which are interesting 
apart from the purpose of the present research. The disparity between 


1 This Journal, xxv. p. 295. 1900. 
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the loss of water curve and the saliva curve may be considered as a 


measure of the flow of lymph from the gland. If this explanation is 


accepted, the maximum flow of lymph shown in Fig. 5 would be about 


4 c.c, per minute, an amount which is of the same order as that found by 
Bainbridge’ from direct observation of the lymph flow. 

Further, the lymph flow increases as the curve of saliva rises (after 
the first minute). This result is in accord with the conclusions of 


Asher“, especially as there seems to be no difference between the specific 


gravity of the venous blood from the resting gland and that of the 
arterial blood, within the limits of Roy’s method“ of measuring specific 
gravities, and further their colorimetric values are identical. 


CONCLUSIONS. 


1. The “chorda blood” contains a smaller percentage of water 
than the arterial blood. 

2. After the first minute of stimulation, the water lost from the 
blood exceeds in volume the saliva secreted, and may be measured by 
multiplying the volume of saliva by a factor lying between 1°] and 1°2. 
The mean value of this factor is 112. | 

3. In the first half minute of secretion there is a large flow of 
saliva, followed in the second half minute by a relatively small flow. 

4. In the first half minute of secretion there is a large absorption 
of water from the blood, followed in the second half minute by a 
diminished absorption. 


1 This Journal, xxv. p. xvi. 1900. 
2 Zeit. f. Biol. xxxvu. p. 261. 1899. 
* Cf. Halliburton, Text Book of Physiology (Pentland), wel 1. p. 144. 
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DIURETIC EFFECTS OF SODIUM CHLORIDE SOLU- 
TIONS: AN INQUIRY INTO THE RELATION WHICH 
CERTAIN FACTORS BEAR TO RENAL ACTIVITY. 
By W. H. THOMPSON, M. D., F.R.CS. Eng. (Nine figures 
in text.) 


(From the Physiological Laboratory, Queen's College, Belfast.) 


CONTENTS. 

Previous literature. 
Methods employed. 
Influence on the outflow of urine. 
Effect on the output of nitrogen and of urea. 
Possible cause of the diuresis : 

(a) Blood-pressure(?) (b) Hydrmmia 60 
Output of chlorides in the urine. 
Relation between outflow of urine and kidney whine (oncometer 4 

(a) Experiments and methods. 

(b) Results —outflow of urine. 

(e) „ output of nitrogen. 

(d) „ kidney volume. 
8. Summary of conclusions. 


DuRING the course of a former research’ it became necessary as control 
work to determine the diuretic effects of small quantities of so-called 
normal (physiological) salt solutions, when injected intra venam, under 
the same conditions of experiment as I had then adopted. The facts 
obtained seem to me of sufficient interest in themselves to merit publi- 
cation, if for no other reason than because such solutions are largely 
employed as media for injections in physiological and pharmacological 
experiments. But in addition, the occasion appeared a favourable one 
to prosecute an inquiry into the factors which determine renal activity, 
the results of which will also be set forth in the following contribution. 

A short preliminary communication dealing with certain of these 
was published in the Proceedings of the Fourth International Physio- 


logical — (1898). 


1 This Journal, xxv. p. 179. 1900. 
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1. Previous Literature. 


A very great deal of attention has been devoted by investigators to 
the different effects which follow the introduction of sodium chloride 
solutions—mostly however in large quantities or of concentrated 
strength—into the circulation. The literature is therefore very 
extensive, but only such of it as bears directly on my own results 
will be referred to here. 

Ok more recent observers Bock and Hoffmann’ seem to have 
been the first to have studied its diuretic effects. Their experiments 
involved the injection of large quantities of 1% sodium chloride 
solutions into rabbits and it was found that the animals soon began 
to void clear urine in copious amount. The attention of these 
investigators was however chiefly directed to the occurrence of sugar 
in the urine thus secreted. 

Klikowicz? also, in an inquiry into the regulation of the salts of 
the blood, seems to have noted an increased secretion of urine after the 
injection of sodium chloride. No remarks however are made by him 
on the rate of the diuresis. 

Limbeck’ inquired more fully into the cause of the diuretic effects 
of this amongst other salts. Using 5°/, solutions, introduced into the 
jugular vein of the rabbit, he obtained considerably increased secretion 
of urine. Diuresis was also observed with isotonic solutions (0°55 %), 
but no particulars are given. : 

Next come the well-known lavage experiments of Dastre and 
Loye“, in which exceedingly large quantities of 0˙7 % sodium chloride 
solutions were injected into rabbits and dogs, with the result of pro- 
ducing a correspondingly great diuresis. The latter, according to these 

observers, after a certain period of injection, ran exactly parallel to the 
amount ‘of fluid introduced. 

Hamburger“ in experiments on artificial hydremia and hydremic 
plethora came to the general conclusion that hypertonic salt solutions 
increased secretion, hypotonic on the other hand increased transudation. 

ee like wise observed, during the course of on experi- 


Bock u. Hoffman. Archiv f. (Anat.) u. t 1871, p. 550. 
2 Klikowicz.. Ibid. 1886, p. 518. 

Limbeck. Arch, f. exp. Pathol. u. Pharm. xxv. 8. 68. 1888. 
Dastre and Loye. Archiv. de Physiol. 1889, p. 253. 

5 Hamburger. Zeitsch. f. Biolog. xxvu. 8. 259. 1890. 

® Heidenhain. -Pfliiger’s Archiv, XIIX. s. 209. 1891. 
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ments on lymph production, an increased urinary secretion after 2 
intravenous injection of sodium chloride. 

Sobieranski? in an investigation into the manner in which various i 
diureties affect the kidney, employed amongst others sodium chloride. 
He concluded that this substance causes increased outflow of e 
chiefly by augmenting filtration at the glomerulus. 

Bosc and Vedel?* also studied the effects of massive injections of 
various saline solutions into rabbits and dogs, amongst these being 
solutions of sodium chloride. They obtained inter alia a ~™ en 
which extended over two or three days. | | 

Münzer“ in experiments designed to elucidate the ‘general’ as 
contrasted with the ‘specific’ effects produced by a series of sodium 
salts, when introduced into the circulation of the rabbit, found that 
sodium chloride produced the most marked diuresis of any. He | 
adopted solutions of 5% to 10% strength of the different salts, and 
employed doses which for the most part had lethal effects. 

Lastly Magnus‘ has recently investigated very carefully the 
changes in the blood etc., which follow the injection of solutions of 
sodium chloride, mostly in large quantities, into the circulation of dogs. 
He found that not only hypotonic, but also isotonic and hypertonic | 
solutions were followed by greatly increased diuresis. 


2. Methods employed. 


My own experiments were all carried out on dogs. The animals 
were kept without food for twenty-four hours. Half-an-hour or more 
before the beginning of the experiment a small dose of morphine, as 
a rule less than two milligrammes per kilo of body weight, was 
hypodermically injected. A mixture of ether and chloroform, consisting 
of two parts of the former to one of the latter, was used for further 
anzsthetisation, but was seldom needed after the operative procedures 
were ended. | 

Cannule were placed in both ureters, sometimes from the front but 
in the later experiments almost without exception from behind, and 
without opening the peritoneal cavity. Urine was collected for as a 
rule one hour before the injection of sodium chloride solution, and from 


1 Sobieranski. Archiv f. exp. Path. u. Pharm. xxxv. s. 144. 
Bose and Vedel. Archiv. de Physiologie, 1896, p. 987. 
Münzer. Archiv f. exp. Path. u. Pharm. XII. 8. 74. 1898. 
Magnus. Ibid. s. 68. 1900. 
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three to five hours afterwards. Except in a few of the earlier experi- 


ments quarter-hourly records were made of the urine secreted. Blood- 


pressure was recorded from the left carotid artery, not continuously, but 
at intervals corresponding to the records of urine secretion. The 
solutions were injected into the external saphenous veins from a 
burette at a rate of about 8 cc. per minute. The quantities injected 
varied from 2 to 5 cc. per kilo of body weight, the total amounts, 
except in one or two experiments, lying between 26 and 50 cc. In 
four experiments the strength of solution injected was 0°6°/,, in five 
0°65°/,, and in six 0°9°,. 

In certain of the experiments observations were made on the 
specific gravity of the blood and in others the solids of the serum were 
determined. For these purposes blood was generally drawn from the 
femoral artery. The results observed are as follows: 


3. Influence on the amount of urine. 


The accompanying table shows the rate of secretion of urine, 
hour by hour. 
I, Quantity of urine per hour. 


Urine in cubic cents. 


Wt. of Amt, Total Per How 
1. 67 06% 16 2 40 195 18 4 2 148 P 
2. 6˙4 ” 15 32 4 26 F 
3. 16˙8 „ 3 50 778 F 
4. 15° 2 50 470 
5. 149 065 % 16˙5 76 175 75 40 5% % 9 (iP 
6. 19˙5 „ | 625 15°25 265 18°75 11 25 30 eo Ff 
„„ 46 „ Mm 3 45 nil F 
8. 190 » 59 98 8 60 29°25 
9. 21° „ ũ 4 80 nil B 
10. 183 09% 20˙5 26°25 122˙25 86°5 29 3 40 455 F 
11. 18°8 „ 105 43˙5 11825 68 70 3 40 632 F 
12. 88 „ 12˙5 845 85°25 16 9 4 3 128 B 
18. 12-1 „ | 9 49°25 49 82°25 80°75 | 4 48 261 B 
14. 105 5 6°75 16 17°75 9°75 7 5 50 47 B 
15. 10 695105 7165 — — 5 50 B 


Hour 1 in this and all the tables represents the normal period, the injection 
being made at the end of this hour. 


1 F means insertion from the front. 
„ behind. 


In all of the above experiments with two exceptions there has 
been an increased secretion of urine, and in many of them the amount 
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of diuresis was very striking. This became pronounced as a rule 
towards the end of the hour following the injection, and reached its 
maximum in the next. If the rate of secretion for the first hour, that 
before the injection, be taken as a standard, and this amount deducted 
from the output of each of the following hours, it will be found that in 
nine out of the fifteen experiments, there was a surplus excretion of 
water by way of the kidneys, within a period of four hours, considerably 
greater than the quantity injected. In experiment 5 the excess output 
represents 590%, and in experiment 9, 632°/, of the injected mass. 

In four of the experiments a part only was excreted, the excess 
outflow however in one of these reached 93°/, of the inject. In two 
others of these four, the period of calculation was for less than four 
hours. 

The average drawn from twelve of this series in which increased 
diuresis was observed (one not being available), gives a W excre- 
tion of 262°63 / of the injected quantity. 

In two experiments of the whole series there was not only no 
increase (on this basis of calculation), but an actual retention of 
more than the amount of water injected. 

It is not proposed to enter at this stage into a discussion of the 
probable causes of the diuresis as a whole. Certain possibilities may 
however be excluded at once, and first of these comes the influence of 
the anesthetic employed. Control experiments were made which show 
at once that the anwsthetic alone cannot by any means account for the 
effects observed. The results of some of these are given in the following 
table. 


TasLe II. Effects of the anesthetic employed on urinary secretion. 


Weight of How cannule 
Exp. Hour 1 Hour 2 Hour 3 Hour 4 dog in kilos inserted 


1. (185 7 7 11 F 
2. 4°25 45 6 7°25 12 B 
„„ 7 lost lost 12 B 
4. 15°25 16°25 15°75 15˙5 135 B 
5. 11-7 12°5 12 15°83 12-7 B 


An average of ten such experiments gives the rate of secretion as 
10°75 c.c. for the first hour, 8°85 c.c. for the second, 9°4 c.c. for the third 
hour and 10° c.c. for the fourth. The same dose of morphine was 
employed as in the former experiments. In one however (experiment 4) 
this was omitted and only the ether-chloroform mixture given through- 
out. In the first three of the above experiments the anesthetic was 
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removed at the end of the operative procedures, in the fifth it was con- 
tinued till the termination of the first hour. 

Another possibility is that the degree of glycosuria called forth by | 
the morphine and chloroform administration, as well as possibly by the 
saline injection, may be credited with the results. Both morphine in 
large doses, and chloroform administered alone, however diminish the 
rate of urinary secretion, and it is exceedingly improbable that an 
injection of saline so small as that employed here would have any 


appreciable influence in causing or increasing a diabetes. Magnus“ 


observed glycosuria only in a few of his experiments although the 
quantity injected was vastly greater than in my own. Further Bock 
and Hoffmann? always found that a considerable quantity of saline 
fluid had to be introduced into rabbits before the sugar appeared in 
the urine. Again Morishima’, who has seen polyuria and glycosuria 
occur in frogs, after poisoning with curarin and protocurarin, finds that 
the former has no relation to the latter, either effect occurring inde- 
pendently of the other. 

Lastly, in a control experiment which I carried out myself it did not 
appear that the quantity of sugar in the urine after the injection was 
greater than before—the amount in both cases being very small. 

A considerable amount of difference it will be observed, exists in the 
degree of diuresis called forth by the injection in the foregoing experi- 
ments, Similar differences in the diuretic effects of neutral salts have 
been recorded by other investigators. No simple explanation which 
will account for these, is apparent. The following points however 
deserve to be taken into consideration, The cannule were placed in 
the ureters from the front in the majority of the experiments, This 
naturally involved opening the peritoneal cavity, and it. was frequently 
observed that a considerable flow of peritoneal fluid escaped after 
the saline injection. This circumstance is of interest in connection 
with the fact noted by Heidenhain, viz. that his class of saline 
lymphagogues caused at the same time an increased urinary flow, 
and which led him to the conclusion that there is some direct 
relation between the two phenomena. The results of four of my ex- 
periments, all made with isotonic solution, if tested in this way lead 
to a support of Heidenhain’s views. In two the ureters were reached 
from the front, in two from behind. The percentage rates of diuresis 
were 455 and 632 respectively in the former, 128 and 261 in the latter. 

1 op. cit. 2 op. cit. 
* Morishima. Archiv f. exp. Path. u. Pharm. XIII. 8. 28. 1899. 
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Nevertheless the marked diuresis even in the two latter experiments 
still remains to be accounted for. Further, notwithstanding the open- 


ing of the peritoneal cavity in experiment 7 the urinary secretion was 


diminished. Clearly therefore the difference cannot be wholly ac- 
counted for in this way. It may seem that the mere opening of the 
peritoneal cavity could not materially facilitate the escape of lymph 
from the lymph vessels into it. This is negatived however by the fact 
that the ‘cavity’ in normal circumstances is only a potential one, no 
such thing as a space is really found, indeed considerable pressure 
exists within the abdomen. | 

Another factor which may have come in however was a difference 
in the ages of the animals. In nearly all of the experiments where 
diuresis was not pronounced the animals were decidedly older than in 
those in which it occurred freely. : 

Lastly, although the dogs had been kept without food for twenty-four 
hours, as has been previously stated, it is not certain that the condition 
of the animals at the beginning of this period was in all cases the same. 
Indeed ‘the converse is quite probable, since several had been only 
in the laboratory for the necessary twenty-four hours preceding, and 
some of these are known to have been instances in which a low rate of 
diuresis was observed. Attention is drawn to this fact since Spiro! 
has noted that diuresis is not obtained after the injection of solutions 
of gum arabic, if the animals have been previously starved. 

It is probable therefore that several factors play a part in account- 
ing for the differences observed in the degree of diuresis which 
followed the saline injections, viz. (1) the opening or not of the 
peritoneal cavity, (2) the age of the animal, (3) the condition of 
nutrition prior to the preparation for the experiment. 


* 


1. Effect on the. output of nitrogen and of urea. 


It was considered desirable to ascertain the effects of the saline 
upon the nitrogenous output at the kidney. 

The urine at the period of maximum diuresis, as one might expect, 
proved to be very dilute. The dilution in fact ran parallel to the 
diuresis; the per-centage excretion of nitrogen and of urea falling 
markedly till the third hour, and then slowly returning. This is shown 
in the following table. 


1 S8piro. Archiv f. exp. Path, u. Pharm, xut. s. 148. 1898. 
35—2 
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Tax III. Percentage output of N in urine (expressed tn grammes). 


Strength of 

Exp. Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 sol. inj. per cent. 

1. 0°6972 0°3416 0°2142 02828 0°4144 06 

2. 0°7000 02800 — — — 

8. 0°7476 0°3108 0°1666 0°5768 0°7000 3 

4. 14616 10416 02828 0°4144 0°9016 

5. 21196 0°7280 0°2142 0˙3444 0°5712 0°65 

6. 3°9704 2°0860 0°8974 1°4280 2°2560 | 10 
10. 0°9800 0°9044 0°2128 02240 0°5544 09 
12. 27244 10382 0°6300 10780 — 

13. 2°6460 0°7616 0°6244 0°8456 0°8456 1 


Notwithstanding the effect on the per-centage excretion, that on 
the total output of nitrogen, measured hour by hour, proved to be an 
increase. This augmentation as a rule reached its maximum in the 
hour immediately succeeding the injection; that is, did not correspond 
to the maximum of diuresis. In a few instances the period of greatest 
nitrogenous excretion was delayed till the third hour. The following 
table gives the particulars of the hourly output for those experiments 
in which it was determined. 


Tate IV. Output of nitrogen hour by hour (expressed in grammes). 


sol. injected 
Exp. Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 per cent. in cc. 


1 01115 0°0956  0:0857 00551 00767 0°6 28 
2 01050 01204 26 
8. 01570 02082 02066 0-0923 01120 50 
4. 01754 03021 02489 02113 02074 
5. 03497 05588. 08748 02888 02285 0°65 50 
6. 02481 08181  0-2378  0-2677 002482 50 
10. 02009 0287/4 0°2601 01988 01608 0-9 40 
12. 03405 08564 02221 01725 35 
13. 02881 03751 03039 02727 02600 48 


The excretion of urea corresponded in the main to that of total 
nitrogen. On deducting however the hourly output of urea given in 
the next table, from that of the total nitrogen it will be found that 
as a rule a larger proportion of the whole was excreted as urea in the 
hour of maximum diuresis. This is of some interest when contrasted 
with the effect which atropin exerts in the opposite direction. As I 
have previously shown’, this drug in large doses diminishes the secre- 
tion of urine, as also the output of nitrogen and of urea. Moreover, 
and this is the point to which I specially wish to refer, in the period 


1 This Journal, xv. p. 433. 1893. 
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of depressed secretion a smaller proportion of the nitrogen appears in 
the form of urea. 

What the meaning of the above facts happens to be does not appear 
clear, but at all events in the present series of experiments there was 
not a sufficiently close correspondence between the circumstance men- 
tioned and the rate of diuresis, to afford a clue to an explanation of 
the latter. The following table gives the output of urea per hour 
for those experiments in which sufficient urine was available to 
make the determination. 


Tam V. Output of urea per hour (expressed in grammes). 


Exp. Hour 1 Hour 2 Hour 8 Hour 4 Hour 5 
1. 0˙0994 0˙0862 0°0745 00469 00688 
2. 00865 0°1180 — — — 
8. 0°1826 0°1857 0°1962 00709 0°0887 
4. — 0˙2590 02291 0°1871 0°1668 
5. 0-2986 0°4852 0°3283 902247 0°2027 
6. 0°2103 0°2788 0°1710 0˙2268 0°2070 


It is not considered necessary to give a table of the per-centage 


excretion of urea. 


The reaction of the urine was tested in most of the experiments. 
In the great majority, that of the first hour was alkaline, becoming 
neutral at the height of diuresis, and again returning to alkalinity as 
this declined. In one experiment it remained acid, and in another 
alkaline throughout. 

The body temperature was also taken per rectum and showed in 
many of the experiments an increase, sometimes to the extent of two 
degrees centigrade before the end of the experiment, notwithstanding 


precautions to keep the animals cool. This occurred also when the 


saline injected had been previously sterilised. Three of the experiments 
showed either no increase or a slight decline of temperature. A rise of 
temperature was also observed by Bosc and Vedel! as a result of 
massive injections. 


5. Possible cause of the diuresis. 
An inquiry into the immediate cause of the diuresis was next 
undertaken. 


(a) Blood-pressure. In seeking for an explanation 0 one naturally 
turns in the first instance to the conditions of blood-pressure. The 


Bose and Vedel. op. eit. 
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explanation was not however to be found here. The following figure 


where the diuresis was well marked and 
which is typical for all of the experi- 
ments, though perhaps showing the special 


features in a somewhat pronounced degree, 


Records were made at the end of each 
quarter of an hour except during the 
period of injection, when they were taken 
each minute. Only the first and last of 
the injection records are retained in the 
figure. 

At the left end of the tracing is shown 
the normal blood-pressure level. Then 
comes the injection, which caused no 
elevation, after this the records for four 
successive hours are shown. During the 
first of these latter a gentle elevation 
set in, which reached its maximum in 
the third quarter of the hour and then 


began to fall. The secretion of urine 


during this hour was 43˙5 C. c. as against 
10°5c.c. for the normal hour. 

During the first three-quarters of the 
second hour after the injection, the tracing 
shows a continuation of the fall of pres- 
sure which had appeared in the last 
quarter of the previous hour, and then 
a gradual return to the normal set in. 
The blood-pressure during this hour as 


a whole was lower than at any other 


period of the experiment, and consider- 
ably lower than during the hour pre- 
ceding. Notwithstanding, the secretion 
of urine was 113'25 cc. as against 43°5 
in the hour before. The rates of secretion 


represents the tracing of blood-pressure taken from experiment 11, 


for the third and fourth hours after the injection, when the blood- 
pressure had again risen to somewhat above the normal, were 68 c.c. 


and 70 cc. respectively, 


It still appeared possible however that the maximum of the curve 


Fig. 1. Blood-pressure tracings from Exp. 11; records taken every fifteen minutes. 
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of outflow of urine, as measured per quarter hour, might correspond to 
that of blood-pressure if the two were compared. This was not so; 
the greatest rate of diuresis was attained in the second quarter of the 
second hour after the injection (viz. 33 ¢.c. in 15 m.), when the blood- 
pressure had considerably fallen, and was much in excess of that of 
the third quarter of the previous hour when the maximum elevation 
of blood-pressure was reached. Clearly therefore, conditions of blood- 
pressure alone will not account for the diuresis observed. But while 
it cannot be supposed that these play no part in the phenomena, it 
seems to me very probable that a reverse relation may also exist and 
that the fall of pressure during the period of greatest outflow of urine 
may have been in part occasioned by the diuresis itself. Von Brasol!, 
Münzer“, and others have likewise noted a want of conformity between 
the rate of urinary secretion and the height of blood-pressure. 

(b) Hydremia. Inquiry was in the next place directed towards 
the specific gravity of the blood on the assumption that a condition of 
hydramia or of hydremic plethora was brought about, either directly or 
indirectly as a result of the injection, and that the dilute blood gave 
rise to an increased filtration of fluid at the glomerulus of the kidney 
with corresponding augmentation in the outflow of urine. 

Numerous observers have in point of fact found that the injection of 
dilute sodium chloride solutions—in much larger quantities however 
than were employed in this research—brings about a more or less 
lasting diminution of the specific gravity of the blood. Such for ex- 
ample was noted by Klikowicz*, Limbeck“, Dastre and Loye“, 
Sherrington and Copeman’, as well as by others. My own results 
are shown in the following table, the specific gravity being determined 
(except in one instance) by weighing; the time which elapsed between 
the end of the injection and the drawing of the blood is given in brackets 
beneath. 

From the foregoing figures it will be seen that the injections brought 
about a temporary fall in the specific gravity of the blood, and in this 
respect the results accord with those of previous observers. But on 
further examination it is found not only that the specific gravity re- 
turns to its normal level, but that in many cases a subsequent increase 
occurred during the second hour after the injection, i.e. during the hour 
of greatest urinary secretion. In one of the above experiments (No. 14), 


1 op. eit. 2 op. cit. 
3 op. cit. * op. eit. o op. eit. 
Sherrington and Copeman. This Journal, xiv. p. 52. 1893, 
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to which reference will again be made, the specific gravity remained 
below normal during the whole period of observation. 


Taste VI. Specific gravity of blood. 


* Mode of insert- 
Exp. Hour 1 : Hour 2 Hour 3 Hour 4 Hour 5 ing cannula 
5. 10551 100549 10572 10590 — F 
45 m.) (90 m.) (2h. 45m.) 
6. 1·066 1·˙069 1067 F 
20 m.) (65 m.) (105 m.) (3 hrs) ; 
7. 10541 10538 10539 10533 — F 
| (50 m.) (110 m.) Ah. 50 m.) 
10. 10586 10562 10587 10587» 10592 F 
(55 m.) (110 m.) (2h. 50 m.) (Sh. 50 m.) 
14. 10562 10557 10544 10529 — B 
(60 m.) (120 m.) (3 hrs.) 


This record properly belongs to hour 3. In this experiment sp. gr. was | determined 
by Hammerschlag’s me 


> The record here is doubtful, blood clotted in the cannula while drawing. 


It seemed possible however, notwithstanding the increased specific 
gravity, that the serum if separated from the corpuscles might itself 
prove to be more dilute, the increase being accounted for by a lesser 
proportion of serum. To test this possibility the serum was obtained 
from the blood of another series of experiments and its solids determined 
by drying at 110°C. The following table gives the results. 


Taste VII. Solids of serum. 


The time which elapsed between the end of 
is given in brackets beneath the figures. 


Mode of insert- 
Exp. Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 ing cannula 
11. 7°539 7747 7795 7°963 F 
(45 m.) (90 m.) (Zh. 30 m.) (8h. 80m.) 

12. 8668 8025 8°118 7963 788 B 

: (30 m.) (75 m.) (2h. 30 m.) (3h. 30 m.) 
18. 8°066 7°836 7°842 8064 8-103 B 

460 m.) (95 m.) (2h. 50 m.) (3h. 60 m.) 


A decline in the solids of the serum after the injection, corre- 
sponding with that of the sp. gr. of the blood with subsequent return 
towards or even past the normal, is therefore shown in these experi- 
ments, It may consequently be accepted that the density of the serum 
runs parallel with that of the blood, and the two sets of experiments 
may therefore be grouped together for the purpose of drawing con- 
clusions. 

If then the figures in the above two tables be examined it will be 
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seen that in all cases a more or less marked dilution of the blood 
existed at the period at which pronounced diuresis set in. In four 
out of the eight experiments, however, it is found that an increase 
of specific gravity had already occurred in the third hour; that of 
greatest renal activity. Three of these, viz. exps. 5, 10, 11, were 
examples of extreme diuresis, the fourth, exp. 6, one of moderate urinary 
outflow. In all four, the renal activity (though declining) was con- 
tinued into the following hour, notwithstanding that in every case 
the specific gravity of the blood had exceeded and continued to 
exceed the normal. 

In the other four experiments (7, 12, 13, 14) the specific gravity 
remained below normal all through. In one of these (exp. 7) the 
secretion of urine was diminished, in the remainder moderately in- 
creased, but only in one (viz. exp. 13) did the diuresis run at all 
parallel to the diminution of specific gravity. 

Exception may perhaps be taken to the determination of the solids 
inclusive of the proteids, as a measure of the dilution or otherwise of 
the blood. Magnus has however shown that such variation as occurs 
in the proteids after the injection of saline solutions, is always in the 
direction of escape from the blood vessels, sometimes to the extent of 
more than 11% in a few hours. If such an escape were allowed for, 
it would only at most convert some of my experiments with diminished 
solids into the category of increased specific gravity, and would not 
influence the deductions to be drawn from the results as a whole. 

While therefore it can hardly be doubted that the existence of a 
condition of hydremia may play an important part in exciting the 
diuresis there is no close parallelism between the mae of dilution 
and the amount of renal activity. 

The facts in many of the experiments indeed bear an entirely 
opposite interpretation, similar to that put forth to account for the fall 
of blood - pressure in the hour of greatest urinary excretion, viz. that the 
diuresis very probably plays an important réle in causing the increase 
of specific gravity of blood. This view is supported by the fact that the 
blood attained the highest specific gravity in those experiments where 
the increase of urine was most marked. 

Limbeck’, Kjerulf*, and Max Hermann“ have also shown that 
dilution of blood does not run parallel with the en of urine secreted. 


1 Limbeck. op. cit. : 
2 Kjerulf. Zeitsch. f. rat. Med. N. F. m1. 8. 279. 
Max Hermann. Virchow’s Archiv, 8. 451. 
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The experiments of Cohnstein’ indirectly support the same view. 
Magnus“ regards it as the chief factor in causing the diuresis, but even 
in his experiments a complete parallelism between the two conditions 
does not exist. 

It may be of interest to point out that in all four of my experiments 
where increased specific gravity of blood was observed, the cannulæ 
were inserted in the ureters from the front, and thus the peritoneal 
cavity opened. On the other hand in the four with diminished specific 
gravity, the cannulæ were brought into the ureters from behind. Except 
in the case of experiment 7 (which, as we have seen, also showed 
deviations from the usual in other respects), the diuresis, as has already 
been alluded to, was also much greater in the former group of experi- 
ments than in the latter. 

To test the effect of dilution of blood in another way two experi- 
ments were made in which distilled water was injected. In one of these 
36 c.c. (2 c.c. per kilo), in the other 40 C. c. (4 c. c. per kilo), were intro- 
duced. In the former a very moderate diuresis (109 % ) occurred, in the 
latter none. Extreme hemoglobinuria was however excited in this case, 
hemoglobin also being found free in the serum. The results did not 
throw any further light on the question under consideration. | 

The cause of the diuresis cannot therefore be fully accounted for in 
the hydremic condition of the blood. 


6. Output of chlorides in the urine. 


It could hardly be assumed that the diuresis was caused by an 
alteration in the chlorides of the blood brought about as a result of the 
injection, since it occurred to an equally great, if not greater extent, 
in those cases where the solution injected contained the proportion 
of this salt normal to the blood. 

Nevertheless it seemed desirable to determine the output of chlorides 
in the urine in order to see if any parallelism existed between the rate 
of secretion of these salts and that of the diuresis, This appeared all 
the more necessary since it has been shown that of all the neutral salts 
sodium chloride is weight for weight the most active in causing increased 
urinary secretion. | 

The results obtained in this part of the inquiry are in themselves 


1 Cohnstein. Pfliiger’s Archiv, uxu. s. 73, 
2 Magnus. op. cit. 
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very remarkable: they are given in the following table. The chlorides 
were estimated * the Volhard method. 
Taste VIII. Chlorides. 
The upper line of. figures opposite each experiment gives the quantity per cent., the 
lower the quantity per hour. 
Nath invention of 
Exp. Hour 1 Hour 2 Hour 3 Hour 4 Hour 5 injected injected § cannula 


005 0:06 0-09 0-09 5 

7. 0.0066 0⸗0073 0009 00047 — 0°65 F 
08295 0-418 0155 0-110 0118 

10. 0.1691 01084 0189s 00951 00333 0˙0 0°36 F 

11, $067 0190 +0025 0090 
00703 00826 00368 00170 0.0210 
0-230 0˙320 0-485 0-320 0-160 

12. 10-287 0.1104 0.1700 0,0512 
0-180 0190 0110 0-160 0-160 

13. 0.0117 00986 0059 00576 00492 0-482 B 

14. $0°360. 0420 0340 
0.0213 0,0672 00479 0.370 00938 


In all of the above experiments where increased diuresis occurred 
(with one doubtful exception, viz. Exp. 12) the percentage amount of 
chlorides in the urine fell below that of the normal during the third 
hour, or period of greatest diuresis. In the majority of these, however, 
the total output per hour was greatest during this same period. 

The great diuresis might perhaps, therefore, be taken to indicate an 
effort to maintain the chloride content of the blood above a certain 
level by the free excretion of a watery urine poor in this salt. Such 
an assumption is all the more probable since considerable evidence has 
been adduced by Winter’, to show that chlorides play a most impor- 
tant part in regulating the molecular equilibrium of the body fluids. 
But in several of the experiments diuresis had set in during the 
second hour, there being at this period an increased percentage output 
of sodium chloride in the urine, and presumably also an increased 


probable since the experiments in question had been made with 0°9 % 
solution of the salt. No direct determinations of chlorides in the blood 
were made. Magnus’ has, however, shown that the amount of diuresis 
does not coincide with the percentage quantity of sodium chloride in 
this fluid, nor does it, as my own experiments show, run parallel with 
the degree to which this salt is excreted by the kidney. 


1 J. Winter. Archives de Physiol. norm. et path. 28. p. 287. 1896. 
2 Magnus. op. cit. p. 85. 
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One may, therefore, I think conclude that the diuresis in these 
experiments but little, if at all, depends for its causation on the degree 
to which the percentage content of sodium chloride in the blood is 


altered by the injection. It is not, therefore, a “saline diuresis.” 


The cause of the remarkable fall in the excretion of chlorides is 
I have no doubt to be found in the effect of the anesthetic employed. 
Control experiments show that it brings about a depression of the 
output of chlorides at the kidney without, as already stated, appre- 
ciably altering the rate of secretion of urine. 


7. Relation between outflow of urine and the volume of the kidney. 


It remained to compare the outflow of urine with record of renal 
volume, i.. roughly with the amount of blood flowing through the 
organ. Roy and Cohnheim! found that the kidney expands under 
the influence of saline diuretics. No attempts were made, however, to 
carry out any lengthened comparison between the rate of urinary flow 
and the degree of expansion. Moreover the observations of these 
experimenters extended over a comparatively short period of time. 
Bradford and Phillips: found that the rate of secretion of urine 
does not always run parallel with the volume of the kidney. A 
constriction of the organ produced by digitalis was generally accom- 
panied by an increased outflow from the ureter. Starling“ has re- 
cently carried out experiments bearing upon this point, and concludes 
that the swelling of the kidney runs exactly paraliel with the amount 
of diuresis, On examining his figures, however, it will be seen, as has 
been pointed out by Magnus“, that deviations do occur between the 
renal volume and urine outflow, and that perfect parallelism cannot 
always be claimed for them. 

A serious objection also seems to me to hold against Starling’s 
“converse” experiment, viz. that in which the volume of the kidney 
was kept down, during the injection of dextrose solution, by allowing 
blood to escape from the carotid artery. Here, as Starling himself 
points out, the blood-pressure fell almost to half its normal height (from 
105 to 60 mm.). The amount of blood withdrawn was, moreover, ten 


1 Roy and Cohnheim. Virchow’s Archiv, xc. p. 424; also Roy, Trans. Camb. Phil. 
Soc. 1w. p. 110. 

2 Bradford and Phillips. This Journal, vt. p. 117. 1887. 

* Starling. This Journal, xxtv. p. 317. 1889. 

* Magnus. op. cit, 
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times the quantity of fluid injected (300 cc. blood as compared with 
30 C. c. dextrose solution). The volume of the kidney was, therefore, 
only maintained constant at the expense of a serious disturbance 
of other factors, admittedly important in the mechanics of urinary 
secretion. 


Author's dwn experiments. 

For the following experiments medium size dogs—from 8 to 
11 kilos—were selected. A hypodermic injection of morphine ( to 
J c.c. per kilo of 1°/, solution) was given an hour before commencing 
the operative procedures. During these, ether-chloroform mixture 
was administered. This was as a rule removed at least half-an-hour 
before the collection of normal urine was commenced. In some of the 
experiments it was given at intervals afterwards. The carotid was 
prepared for blood-pressure, and the external saphenous vein for 
injecting the saline solution. The left kidney was prepared for, and 
subsequently brought into Roy’s oncometer, a cannula being placed 
in the corresponding ureter. In one half of the experiments the 
structures entering the hilum of the opposite kidney were securely 
ligatured, and thus the work of secretion entirely thrown on that in the 
oncometer. In the other half, a cannula was also inserted into the right 
ureter, and the secretion of the normally situated kidney used as a 
standard of comparison for that in the oncometer. 

The records of volume were for the most part made with Roy’s 
oncograph. On two occasions a Marey’s tambour was used, the rubber 
membrane of which was not only tightly secured with several plies of 
stout thread, but in addition was hermetically sealed on, by means 
of india-rubber solution’. 

Another measure was also taken which I consider very essential in 
prolonged experiments with a kidney in an oncometer. I had early 
noticed that notwithstanding envelopment in cotton-wool, the warmed 
oil around the kidney began to cool, and before half the experiment 
was completed the temperature of the organ had seriously fallen. To 
prevent this I had a water-jacket apparatus constructed of hemi- 
spherical form, and made of two hollow half-globes of copper, of 
different sizes, the one being let into the other. The space between the 
two received the water. In the outer cover three tubes were provided 
leading into the water space, one to receive the bulb of a mercury tem- 


pointing out the necessity for these 
precautions. 
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perature-regulator, a second for a thermometer, and the third for filling. 
Lastly, a blind lateral tube, similar to that provided in hot filtering 
funnels, and in certain water-baths, projected downwards and outwards, 
its cavity communicating with the water space. Beneath the end of 
this a flame could be applied for heating. The whole was arranged 
upon a stand, and could be let down over the oncometer in situ, a slot 
being provided for the exit of the tube leading to the recorder. The 
following figure gives a representation of the apparatus. | 


* 


Fig. 2. Warm water capsule for maintaining constant — 
around the oncometer. 


With the above, a constant temperature could with the utmost ease 
be maintained around the Roy’s or other oncometer. It was used in all 
except the first two of my experiments. To preserve a temperature 
of 38°C. in the oncometer it was found that the water in the jacket 
required to be kept at 45 C. 


Results: outflow of urine. 


Twelve experiments in all were carried out. Two of these were 
discarded at the outset, one because a partial occlusion of the ureter 
was discovered at the end of the experiment, the other because it 
appeared probable that the secretion of urine was influenced by the 
morphine injection. The following table gives the rates of urinary 
secretion, with other particulars for the remaining ten. 
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Urine in c. e. 
Exp. dog is kilos Hour 1 Hour 2 Hour 3 — injected 
44 7 (r) 10˙4 9°5 50 0.6. 0°65 % 
4 9˙0 25 · 95 „„ 

110 4°6 53 54 50 „ ” 
4. 11˙3 49 9°7 9˙2 
5. ? 2˙3 1°48 059 50 „ 09%, 
6. 110 E 5˙1 (r) 3°55 5˙1 50 ” 0°65 °/, 
L 21°3 16°96 10°5 
7. 10°8 E 28 ·5 (r) 22°5 140 50 ” ” 
| L 72 7˙8 8˙3 
L 4˙2 8˙4 5˙28 
9. 40% jae jie 
1 100 73 0 


() in first hour column means “at the rate of,“ the collection being for a less 
period than one hour. 


It will be seen from the above figures that although in nearly every 
case an increase of urinary secretion followed the saline injection, yet 
in no instance was the extreme diuresis observed which has been 
recorded in the early part of this paper. Nor did this apply to the 
kidney in the oncometer only: the same was shown by the normally 
situated organ in those experiments where urine was collected from 
both ureters, In two of the foregoing experiments (Nos. 2 and 5) where 
no flaw was detectable, the secretion of urine diminished notwithstanding 
the injection. The kidney left in situ almost without exception secreted 
more freely than that in the oncometer. | 


Output of nitrogen. 


It seemed desirable to ascertain also if the kidney within the 
oncometer performed its work of nitrogenous excretion in a normal 
manner. Accordingly in certain of the above experiments a deter- 
mination of total nitrogen in the urine was made. The amount of 
urine available was not sufficient to allow of an estimation of the urea. 
The following table gives the results, the upper line of figures in each 
case representing the amount per cent., the lower the amount per hour. 
In two experiments separate determinations were made for the onco- 
meter kidney (TY) and for the normally situated one (R). 
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Ties X. Nitrogenous output (oncometer series). 


Exp. Hour 1 Hour 2 Hour 3 
1-498 1-156 11443 
0•1080 0•1203 0-1088 
0-242 0-319 0-714 
0.0628 0.03865 0:0464 
1-456 2-259 2-086 
0-067 0-120 6416 
2˙458 1800 1˙882 
0.1206 0.1754 0.1458 
11810, 810 2-088 1-448 
0-091 0-090 
1474 2-307 2-052 
‘zB 09753 10.0899 (2) 0-1047 
0-792 0-828 
. 108881 10-0618 0-0683 
0.596 0-688 
R 19.0708 0.0698 10.8810 


It will be seen if the experiments in this table be compared with 
the outflow of urine in the foregoing one that in all cases where the 
secretion was increased the urine was more dilute, and vice versa. The 
work of the organ within the oncometer was in this respect, therefore, 
normal, Further, where the secretion of the kidney in situ was greater 
than that in the oncometer, the urine of the former was more dilute. 
This point seems to me to have some bearing upon the theory of urinary 
secretion. To my mind it can only fit in with that of Bowman. Both 
organs are presented with blood of the same quality—that in the ön- 
cometer secretes less urine but of a more concentrated kind. It 
is difficult to see how the reabsorption of fluid from the uriniferous 
tubules could be greater in this kidney than in the normal, if one 
tries to explain the facts on the theory of Ludwig. On the lines 
of Bowman’s theory they are, however, at once explicable. 


Kidney volume. 


The increase in urinary secretion, though not so marked as in the 
majority of the first series of experiments, was sufficiently so to make 
the comparison of volume and urine outflow of interest. Of the eight 
experiments which showed an increased secretion, the volume records 
of two had to be rejected, one because a small leak was discovered in 
the oncometer membrane, and the other because an accumulation of 
3˙5 cubic centimetres of bloody fluid was found in the box, at the end 
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of the experiment. The curves which follow, give graphic representations 
of the results of the remaining six. 


Exe 3. 


Hover J. Hove 2 
O 10 20 30 40 5060 0 10 20 30 40 50 60 10.2030 40 50 60 0% 


Exp. 6. 


Auer Voz. 
URINE 


— — 8 


10 O 10 2030 40 50 60 
Fig. 3. Curves fries the dain of Exps. 8 and 61. 


In addition to kidney volume and urinary outflow the blood-pressure 
is also represented. The curve of kidney volume in all is a reduction 
to scale of the tracing given by the oncograph (or tambour as in 
Exps. 9 and 10) measured from the zero line of blood-pressure. It is 
therefore simply a reduced representation of the actual variations which 


1 The originals of all these curves were plotted out on scale paper ruled in squares with 
faint blue lines. The blue lines failed to come out in the process of reproduction. 
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the size of the organ undergoes. It would clearly be desirable, if 
possible, to give a curve representing increase or decrease, in terms of 
the volume of blood in the organ at the outset. This however cannot 
be done with any degree of accuracy, and it seems to me more desirable 
to represent the curve as I have done, than to attempt to reduce the 
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Exp..9. 
CAROTIO 
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Hover J. Hovr 2. Hour 3. 
0 10 20 30 40 0 102050 40 5060 10 20 3040 50 t 


Fig. 4. Curves constructed from the data of Exps. 4 and 9. 


variations to proportions of the total volume of the kidney. The 
objection to the latter is that by far the greater portion of the organ 
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is made up of tissue (not of blood), and this mass would have to be cut 
out as a dead factor, in any true comparison of the different volumes of 
blood contained within it at different periods of the experiment. While 
therefore the curve is constructed on an arbitrary scale, it serves I 
believe more faithfully than any other within one’s reach to represent 
additions to or deductions from the volume of blood flowing through 
the kidney at any given time. It is to be remarked in this connection, 
that the record given by the oncograph is an extremely sensitive one, 
perhaps the most sensitive given by any of the usual instruments 
employed for recording volume. The curve of blood-pressure is reduced 
in the same proportion as that of the oncometer. In the construction 
of the urine curve 0:1 Cc. of urine has been given the value of 0:1 in. 
of ordinate. 


In all the experiments normal urine was as a rule collected for 


Voz. 


Exp. 8. 
URINE 
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Fig. 5. Curves constructed from the data of Exps. 8 and 10. 
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thirty, forty, or fifty minutes, readings and records being made at 
intervals of ten minutes. The injection was then made, lasting mostly 
from ten to twelve minutes. After this, the collection of urine was 
continued for a further period of one and a half to two hours. During 
the injection, records of volume and blood-pressure were made every 
minute, Only the first and last of these are represented in the curves 
and tracings. | | 

The main deduction I think to be drawn from the foregoing curves 
is that on the whole there is a general correspondence between the 


outflow of urine and the volume of the kidney. That is to say, no 


large increase in the secretion of urine can occur without being 
accompanied by a decided augmentation in the amount of blood 
circulating through the organ. But the parallelism between volume 
and urinary outflow is in no sense an absolutely close or exact one. 
Over and over again decided deviations occur between the two factors. 
A rise in the volume of the kidney may be accompanied by a fall in 
the secretion of urine, and though not so frequently the reverse may 
also pertain, an increase in the flow of urine, side by side with a 
diminution in the size of the organ. My experiments therefore support 
the conclusions of Bradford and Phillips previously referred to. 

Tracings are also given (figs. 6, 7, and 8) from three of the ex- 
periments which furnished the foregoing curves. In recording these 
it not infrequently happened that the lever of the oncometer reached 
its limit of excursion and oil had to be withdrawn or introduced. 
When this occurred a record of the extent to which the lever was 
thus raised or lowered was kept and subsequently allowed for. 

Reflecting on the foregoing facts, it appears to me that a second 
factor must come in (apart from amount of blood) which affects the 
volume of the kidney, without immediately showing an influence on 
the outflow of urine. It is well known that when a large quantity of 
fluid is injected into the circulation the whole of the excess of water 
is not at once excreted by the kidneys. Nor is it retained in the 
blood vessels: a large amount escapes into the lymph spaces and 
channels of the body tissues, either to be slowly returned again to 
the circulation and carried to the excretory organs, or to be directly 
dealt with, it may be by the cells of secreting glands (such as the 
salivary etc.), in case the transudation occurs into one of these, and 
thus got rid of from the body. ; 

The kidney itself is known to be richly supplied with lymphatics 
and lymph spaces, and it appears not unnatural to suppose that these 
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may receive and retain for a time more fluid than they part with at 
the moment, or on the other hand that more lymph is removed 


— 


Fig. 6. Tracings of kidney volume and blood-pressure from Exp. 3 (oncometer series). 


— 


from these spaces than they are actually receiving at the time. In 
this way a want of parallelism between the secretion of urine and 
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the volume of the kidney would be accounted for. I am assuming 
it to be exceedingly unlikely, no matter what view we take of the part 
played by the epithelium of the uriniferous tubules, either that these 
structures receive the material which passes through them, directly 
from the blood channels, or that they yield it up directly to the same. 
An intermediary, the lymph path, would most probably play a role in 
one or other case. This vigykwoul@ however more naturally fit in with 
Bowman’s theory of the mechanism of urinary secretion, and all things 
considered I am inclined to regard the organ as nothing more than 
ordinary gland, supplied with an additional mechanism in the shape of 
the glomerulus for the purpose of rapidly getting rid of an excess of 
fluid and perhaps of saline matter from the circulation. Nor is it 
necessary, when viewed from the above aspect, to conclude that an 
absence of an enlargement of the whole kidney, accompanied by an 
increased urinary outflow, means that less blood is passing through the 
organ at the time. A paraflel instance might be cited in the case of 
the submaxillary gland, where it has been shown by Bunch! that 
excitation of the chorda tympani nerve is accompanied by a decrease 
in the volume of the gland, notwithstanding increased vascularity, and 
at the same time increased secretion of saliva. Bunch it is true 
attributes diminution of the gland to a reduction in the size of the 


secreting cells because the lymph flow from the gland is not increased. 


But this latter fact does not prove that the quantity of lymph within 
the gland is unaltered. Moreover I have myself seen in former experi- 


ments (not published) what appeared to me then a strange contradiction, 


viz. a “congestion” of the kidney to the naked eye, at the end of an 
experiment, although the oncometer registered a diminution of volume. 

Since the foregoing curves were plotted out a further paper by 
Magnus’ has reached me which strongly supports the conclusions to 
which the experiments here recorded have driven me, viz. that there 
is not an absolute parallelism between kidney volume and urinary 
outflow. Magnus has not yet published the methods which he 
adopted in carrying out his experiments. He has however obtained 
more striking deviations between volume and rate of secretion than 
any which occurred in my own work. This may be partly due to the 
fact that he has represented variations in kidney ey in terms of 


1 Bunch. Proceedings of Physiol. Soc. March 10, 1900. ae I ; also 
Brit. Med. Journ. XI. p. 842. 1900. 


W Magnus. Archiv f. exp. Path. u. Pharm. xttv. 8. 396. 
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the initial volume of the whole organ, a method to which, as I have 
pointed out, some exception may be taken. 

Many of the results given in the earlier part of this paper are also 
borne out by Magnus’ recent research. 

Before giving a summary of my conclusions I think it necessary 
to refer to the two cases in the oncometer series, where notwith- 
standing an injection of salt solution, the secretion of urine suffered 
a diminution. In one of these, the rate of flow was very great 


Exp. 


INJECTION 


Hour t Hour’ s 
O 10 20.30 40 min. O 10 20 30 40 50 60 10 20 30 40 50 60 10 eo 


Exe 5. 


Kroner Vote. 


CAROTIO 


O 10 20 30 40 506070 O 10 20 30 40 50 60 10 20 30 mzve. 


Fig. 9. Curves constructed from the data of Exps. 2 and 5 (oncometer series). 
PH. XXV. 37 
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at. the commencement but rapidly suffered a fall; in the other the 
secretion was throughout very small. The curves, plotted out from the 


data of these experiments, are given in figure 9. 


In both the above experiments there is a general’ parallelism 
throughout the greater part of the time between the curves of urinary 
secretion and renal volume. In both also there are considerable 
deviations, notably towards the end of the curves in Exp. 5. Not- 
withstanding therefore the departure from the general rule of the ex- 
periments as regards the effect of the saline injection, the curves bear 
out the general conclusion previously drawn from others, viz. that while 
in the main there is a correspondence between the two factors, renal 
volume and urinary outflow, this correspondence is by no means an 


exact or universal one. 


8. Summary of Conclusions. 


In many cases a sinall intravenous injection of ‘ physiological’ or 
‘isotonic’ solution of sodium chloride may bring about a diuresis out of 
all proportion to the quantity of solution injected. 

The pronounced diuretic effect begins to appear towards the end of 
the first hour after the injection, and reaches its maximum in the first 
half of the second hour. It then gradually declines throughout the 
third and fourth hours, at the end of which time the secretion has as a 
rule become normal. 

The excretion of nitrogen and of urea is considerably augmented. 
The increase however reaches its maximum in the first hour after the 
injection, and thus does not coincide with the maximum outflow of 
urine. 

The diuresis is not caused by an elevation of blood-pressure. On the 
contrary a fall of pressure often takes place during the hour of greatest 
secretion of urine. The fall is probably to be attributed, in part at all 
events, to the great escape of water through the kidney. It is most 


marked in experiments where the diuresis is greatest. 


The commencement of renal activity is accompanied by a hydremic 
condition of blood, which no doubt plays an important réle in causing 
the diuresis. It is not however the sole factor, since the maximum of 
the hydremic state does not correspond with that of diuretic effect; 
moreover the hydræmia has ceased to exist long before the activity of 
the kidney has returned to normal. Further a hydremic condition 
does not always occasion diuresis. 
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The chlorides of urine are as a rule considerably reduced, but the 
diminution does not run parallel to the activity of the kidney. It is 
probably an after-effect of the anesthetic. 

The volume of the kidney as measured by the oncometer corresponds 
in a general way to the rate of outflow of urine. No large augmentation 
or diminution of the latter probably can occur without a more or less 
parallel alteration in the size of the organ. The correspondence is 
however by no means invariable: deviations between the two factors 
not infrequently arise, an increase in volume being accompanied by a 
diminished flow and vice versa. 

These deviations are probably to be explained on the assumption 
that the interchange between the epithelial cells of the tubules and the 
blood takes place through the medium of the lymph, and that the 
amount of this fluid within the spaces of the organ, which at times 
must be very considerable, need not necessarily correspond with the 

volume of blood for the moment flowing through it. 

The results observed fit in more readily with the theory of 
Bowman, concerning the mechanism of urinary secretion, than with 
that of Ludwig. 


_ PROTOCOLS. 


The following are given as examples of the protocols. Those belonging to the experi- 
ments ftom which the tracings are taken have been selected. 


Exp. 8. Dog 11 kilos. Morphine 54 c.c. of 1°/, sol. morph-atropin 14 e. c. (strength 
1% and 1°/,. respectively). L. carotid prepared for blood-pressure. R. ext. saph. vein, 
for injection. R. renal vessels ligatured. Cannula in L. ureter. L. kidney in Roy’s 
oncometer, surrounded by warm water capsule—temp. of water 45°C. Ether-chloroform 
during preparations. Anssthetic removed at 10 o’clock. 


Time . Urine in e. c. Time Urine in cc, 
1°45 0 4°14 12 
11.85 10 2-2 
2°5 19 4°40) 3°5 
12-15 2-7 44-44 
ty | 2°25 8°83 | 4°54 4°7 
(2°85 5°4 5°4 
2°45 46. 5:14 6 ˙1 
Injection 2°46 to 258 In constructing the curve of urine out- 
50 0.0. 0°65 % NaCl 0 flow, the poms: at 4°34 was calculated 
3.4 0 from the above. Similarly in other 
3°14 0°9 cases where a reading happened to be 
34824 17 overlooked at the termination of 
5 3°34 2˙4 the 10 minute 3 
ty 3˙44 3˙1 
3°54 42 
4°4 53 


Excretion of nitrogen given in the table. 
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Exp. 4. Dog 11°3 kilos. Morphine 54 b. e. 1°/, sol., later 2 0. o. of morph-atrophin sol. 


Preparations the same as in Exp. 8. In this experiment the anmsthetic was given at the 


periods marked during the collection of urine. 


Time Urine in c.c. c Time Urine in c. c. 
144 0 anesthetic re- 3°57 0 
154 2102 moved E (4-7 1-4 
2° + ; 
2-94 17 4˙39 6-4 
2-34 $84) ore. > [4-48 8-1 
12 4°57 9°7 
128 2°54 + 
= 3°4 49 be ¢ 57 1°86 
[3:14 |5-17 8-88 
28 18-24 70 32 5-27 5-4 
5° 8: 
Injection 8:85 to 8-57 
50 c.c. 0°65°/, NaCl | 
Aue i given 


Excretion of nitrogen given in the table. 


Exp. 8. Dog 8˙5 kilos. Morphine 43 c. 0. 1% sol. 

General preparations the same. Cannule in both ureters. 

Anesthetic continued during the early part of urine collection also given in second 
half of hour 2. 


Urine in c. c. Urine in e. c. 
Time Rt kidney Loft kidney Time Rtkidney Let kidney 
10 3% 8 | 1-7| anmethetic 
“| &7 2 8°2 toate 2 3°53 
% % 4/4 7.5 20 
2-0 sy 54 8 4.13 2 
4.240 34209 3 68 4˙23 11°7 
jis 
— 8 . 
31250 10˙9 24.58 5˙8 39 
| 8-0 3 198 3 315˙3 79 
4 22 4 8 — 
Injection 3°18 to 3-23 5°23 12°3 8˙8 
50 0.0. 0°9°/, NaCl 


. Exeretion of nitrogen given in the table. 
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PROCEEDINGS 

PHYSIOLOGICAL SOCIETY, 
July 8th, 1899. 


The comparative action of veratrine alkaloids upon muscle 
and nerve. By A. D. WALLER. 


Veratrine (CH., NO,) acts principally upon muscle. 
§ Protoveratrine (C,,H,NO,,) acts principally upon nerve. 

A frog poisoned by veratrine (0˙1 to 1 milligramme) has muscles 
that give the well-known protracted contraction, and nerves that give a 

normal negative variation. 

| A frog poisoned by protoveratrine (0-1 to 1 milligramme) has 
muscles that give a normal contraction, and nerves that give a pro- 
tracted negative variation. 


The stimulation of muscle by condenser discharges. By 
A. D. WALLER and F. A. St. Joun. 


An optimal minimal stimulus of nerve = 0-001 erg. (about) 


| 5 „ of normal muscle = 055 erg, 
| „ Of curarised muscle = 1°5 erg. 
0 ö With 1 temperature the minimal energy that will elicit a 
smallest visible contraction is at first diminished, subsequently increased. 
Eg. at 175° = 1'5 erg. 
| | at 25°=172 „ 
at 35° = 35 „ 


on return to 20°= 24 „ 
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PROCEEDINGS 
PHYSIOLOGICAL SOCIETY, 
Dec. 9th, 1899. 


The question as to alterations in the lymphatic and 
hemal lymphatic glands after removal of the spleen. By 
SWALE VINCENT. 


— 


It is well known that the spleen can be removed from the human 
subject and from various mammals without producing any serious 
consequences“, and it has been a natural subject for enquiry as to 
what compensatory changes, if any, take place in tissues capable 
of assuming the rale of the spleen. Sometimes hypertrophy of lym- 
phatic glands was described, sometimes no effect on these structures“. 

My investigations, undertaken in conjunction with H. Spencer 
Harrison upon the hemolymph glands, led to the observation that 
there were in dogs and in rats glands which differed little on casual 
observance from ordinary lymphatic glands. They show, however, 
blood-red patches on their surface, and examined microscopically are 


1 The literature of the subject is very 8 and no attempt will be made to give 
an exhaustive account of it here. Some interesting historical notes are given by Pernet 
(Brit. Med. Journ. Nov. 28, 1896). See also Hunter (Ibid. Nov. 28, 1895). 

2 According to the researches of Sabbatani (Arch. ital. d. biologie, xm. pp. 155—159, 
1895) one can remove the spleen from young rats without evil consequences, while old 
rats die on the 4th—7th day. In these last it would appear that the hemopoietic 
function is performed by the spleen alone. Mosler (Pathologie und Therapie der 
Leukémie, 1872) believed that the principal tissue which supplies the place of the 
spleen after its removal is the bone-marrow. He did not find enlargement of lymphatic 
glands to be constant. Laudenbach (Centralbl. f. Physiol. rx. 1—4, 1895) finds only 
changes in bone-marrow, hypertrophy of lymph glands being not constantly found. 

For other references see Griinhugen (Funke’s Lehrbuch, 6th ed. p. 264) and 
Tauber (Virchow’s Archiv, 1896, p. 29, 1884). 
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found to contain more or less extensive blood-sinuses. These glands 
are found in different regions of the abdomen’, but sr in the dog 


upon the branches of the coeliac axis“ 


It seemed probable that these glands would be found hypertrophical 
after splenectomy. Accordingly, in order to determine this point, 
Prof. Schäfer was kind enough to place at my disposal a dog from 


which he had removed the spleen some eighteen months previously. 


The animal, a female of 6˙7 kilos wt., was and had been in all 
respects in perfect health and had gained considerably in weight since 
the operation. After killing with prussic acid the autopsy showed 
nothing whatever abnormal. The skin and subcutaneous fat presented 
the usual appearances, and the organs present were of normal size. 
There was abundance of adipose tissue in all parts. 

There was certainly no increase in the number or size of the 
ordinary lymphatic glands, but there were some _ half-dozen 
(rather more than the usual number) of the intermediate form referred 
to above, i. e. which showed some signs, even to the naked eye, of 


‘containing blood“. 


It is to be particularly noted that some of these blood- 
containing lymphatic glands are to be found in normal 
dogs‘. But so far as I can estimate, the amount of “hzmo- 
lymphatic” structure was decidedly greater in this spleenless dog 
than under normal circumstances. However, I do not wish to lay 


too much stress upon this. 


With a view to obtaining further evidence on the matter I have 
performed five further experiments involving splenectomy in dogs :— 
1. Male dog about 18 months old. Wt. 45k. Splenectomy May 25th, 
1898. Increased in weight to 7 k. Killed Nov. 17th, 1899. 
2. Female. Wt. 5 k, aged about 18 months. Splenectomy June Ist, 
1898. Increased in weight to 6 k. Killed Nov. 24th, 1899. 


1 Hemal lymphatic glands may also be found occasionally in other parts of the dog, 
e. g. axilla and neck. 

2 See Vincent and Harrison, Journ. of Anat. and Physiol. xxx1. p. 176, 1897; 
and Vincent, Proc. Physiol. Soc. Feb. 12, 1898. From these communications it will 
be seen that hmmal lymphatic glands may be found in Man, Sheep, Ox, Horse, Rat, 
Dog, Cat, Turkey, Fowl, Teleostean fishes. I have since found typical hemal glands 
in the monkey. 

The glands of the dog which lie in the upper part of the abdominal cavity can be 
injected from the cceliac axis. 

* See Schäfer. Text- book of Physiol. 1. p. 959. 

Gibson (Journ. of Anat. and Physiol. xx. 1886) being unaware of this, attributed 
the appearances to ligature of the thoracic duct! 
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3. Female. Wt. 4:2k., of about 2 years. Splenectomy June 4th, 1898. 


Increased to 6·4 k. Killed Nov. 27th, 1899. 

4. Male dog. Wt. 2°85k.,ageabout13 months. Splenectomy June 7th, 
1898. Increased in weight to 5˙5 k. Killed Nov. 30th, 1899. 

5. Young female of 45 k. Splenectomy June 13th, 1898. Increased 
in weight to 6-1 k. Killed Dec. 5th, 1899. 


The method of operating calls for no description. Ether was 
the ansthetic employed and collodion was painted over blue-wool 
dressings. All the animals quickly recovered from the operation and 


maintained good health throughout. As will be seen they all increased 


in weight, and one of the bitches gave birth to two litters of pups. 

The blood was examined from time to time and compared with that 
of normal dogs, but no sign of anzemia could be discovered. 

The post-mortem examination of these five dogs gave results which 
I had not expected after my experience with the first animal described 
above. In none of them could I be sure that there was 
any increase in size or number of the haemal lymphatic 
glands, nor could I assure myself that of. those present any 
larger portion than usual was occupied by a blood- sinus 
instead of a lymph-sinus. 

In order to institute a fair comparison I studied the hæmal 
lymphatic glands in a dozen normal dogs. The average number found 
was 4 or 5}. 


In the spleenless dogs there was no apparent Ay ie in the 


lymphatic glands of any part of the body, neither in the direction 
of hypertrophy, nor increased redness. On microscopical examination 


the hemal lymphatic glands presented the features of those in a 


normal dog. 

The red-marrow appeared to have its usual structure, I have 
found it impossible to judge whether this was increased in amount 
or not“. 


1 J state this average with some diffidence, as the variations were so great in 
different cases. 

2 The research has at any rate taught me the enormous difficulty of judging of 
hypertrophy of a tissue which is distributed in different parts of the body. In the case 
of the hemal lymphatic” tissue the difficulty is increased tenfold by the fact that 
not whole glands but only parts of glands are formed of it, and so counting affords little 
guidance. It was suggested to me that I should freeze the gland, then cut out and weigh 
the red portions. This seemed feasible, but nevertheless on attempt was found too 
difficult and laborious to be practicable. : 
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PROCEEDINGS” 
PHYSIOLOGICAL SOCIETY, | 
February 11th, 1900. | 
The ferricyanide method of determining the oxygen 


capacity of hemoglobin. By J. S. HaLDANE. 
A series.of comparative experiments made by this method! and by 


the blood-pump shows that when fallacies due to the presence of 
bacteria, or to imperfect laking of the blood, are avoided, the two 


methods give identical results after due allowance is made for the 
oxygen present in simple solution. 


The percentage oxygen capacity, total oxygen capacity, 
and total mass, of the blood in man. By J. S. HALDANE and 
J. LORRAIN SMITH. 


Percentage oxygen capacity. To determine the oxygen capacity 
of the hemoglobin per 100 c.c. of human blood we proceeded as 
follows:—The oxygen capacity of the hemoglobin in 100 cc. of a 
sample of ox-blood was first determined by the ferricyanide method. 
The blood (about 05 c.c. being used) of the subject of the experiment 
was then compared colorimetrically with the ox-blood. Its percentage 
oxygen capacity could now be calculated, as previous experiments had 
shown that the colouring power of blood runs parallel with its power of 


_ absorbing oxygen. In a number of healthy men the percentage oxygen 


capacity of the blood was found to vary between 16 and 21. 


1 Journ. Physiol. xxu. p. 303. 1898. 
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Total omygen capacity. In order to determine this, a known volume 


of carbonic oxide was gradually added to a bladder of air into and 
out of which the subject of the experiment breathed through soda- 
lime, oxygen being at the same time supplied in sufficient quantity to 
prevent dyspnoea. After all the carbonic oxide had been absorbed, and 
a short further interval had elapsed so as to allow of an even distri- 
bution of the carbonic oxide in the blood, the percentage saturation of 
the hemoglobin was determined in a drop of the blood by the carmine 
method. From the result the total capacity of the subject’s blood for 
absorbing carbonic oxide or oxygen could easily be calculated. 


Total mass. The total volume of the blood was calculated from 


the total and percentage oxygen capacities; and the total mass was 
obtained by multiplying the volume by the specific gravity (about 
1055). The results of a number of experiments on healthy persons 
showed that the commonly accepted estimate of the mass of the blood 
as th of the body-weight is much too high, the average found being 


only 555 5 of the weight without clothes. Thus a man of 70 kilos 


(11 stone, or 11 stone 10 Ibs. including clothes) has about 3:2 litres of 
blood. As a general rule the mass of the blood (in proportion to body- 
weight) was found to be greater as the percentage oxygen capacity was 


less, so that the total oxygen capacity (or total amount of hemoglobin) 


is relatively constant. 


The volume, total oxygen capacity, and percentage oxygen 


| capacity of the blood in chlorosis and pernicious anemia. 


By J. Lorrain SMITH. 


By applying the carbonic oxide method just described by Dr Haldane 
and myself, I have made observations which throw light on the pathology 
of chlorosis and pernicious anzmia. 

The cases of chlorosis examined show that 

(1) The total oxygen capacity is maintained at approximately 
the? ‘normal amount. 

(2) The percentage oxygen capacity is markedly diminished, 
e.g. below 50 %, 

(3) The volume of the blood is markedly increased. 

(4) The decrease in the number of red corpuscles, and in the 
amount of hemoglobin cannot be regarded as due simply to the 
increase in the plasma. 


14 
14 
114 
111 
a 
3 
1 
14 
1 
14 
3 
7 
| 
1 
14 
7 
14 
| 
| 
| 
| 
1 
1 
; 
7 
| 
§ 3 


SOCIETY, FEBRUARY 17, 1900. vii 


The cases of pernicious anemia show that 

(1) The total oxygen capacity is markedly diminished as 
compared with the normal. 

(2) The percentage oxygen capacity is also markedly diminished. 

(3) The volume of the blood is markedly increased. 

(4) The decrease in the number of red corpuscles, and in the 
amount of hemoglobin is greater than could be explained by the 
increase in the volume of the blood. 


Clinically typical cases. 
absorbed blood the blood of in in of blood 
Name inec. by CO foroxygen _ the blood in c. e. millions kilos to weight to 
Case of Chlorosis. 
OF) 64, 48 
age 18 71 1064 
: Case of Pernicious Anemia, 
J. 0. 1 1 
wat 87 18.96% 198 


W. D. F. R. S. 


Communication.) 


Schafer and Moore! state that extract of dried brain produces 
a fall of blood-pressure, and an increase of the splenic waves. Mott 
and Halliburton“ considered that this was probably due to choline. 
This hypothesis received support from Gulewitsch* who found choline 
in extracts of fresh ox brain; the amount of choline is considerably 
increased when the lecithin has been broken down by saponification. 
Gulewitsch further found other basic substances in his extracts, 
which were not identified; neurine however was absent. I. Ott‘ finds 
that extracts of spinal cord produce a lowering of blood-pressure. 


1 Journ, Physiol. xx. p. 26. 1896. 

2 Phil. Trans, cxct. B. p. 248. 1899. 

3 Zeit. physiol. Chem. xxvu. p. 50. 1899. 

* Contrib. from the Physiol, Lab. Medico-Chir. n Philadelphia. 1898—9. 
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A. Cleghorn? finds that glycerine and saline extracts of sympathetic 
ganglia produce a fall of blood-pressure. He advances no opinion as 


to the nature of the depressor substance; he considers his results 


indicate that these ganglia produce an internal secretion. His results, 
however, can be nearly all explained on the supposition that he was 
dealing with choline. He further makes the remarkable statement, 
that extracts of nerve, brain, spinal cord, and spinal ganglia produce 
no effect. Schäfer and S. Vincent’ find that extracts of the nervous 
part of the pituitary body contains a pressor and depressor substance. 
They consider that the depressor substance is not choline, as its effects 
are not abolished by atropine, 

It was in order to test these conflicting results, and particularly in 
view of Cleghorn’s statements that the present series of experiments 
were undertaken. The tissues selected were brain, grey matter, white 
matter, spinal cord, sciatic nerve, spinal ganglia, and sympathetic 
ganglia. Extracts were made from the fresh tissue with glycerine 
and with cold and hot saline solution. Saline extracts were also 
prepared from the rapidly dried tissues. Though the experiments are 
not yet completed, I am able to make the following preliminary 
statement of results. 

1. All the extracts used produce a fall of blood-pressure, this 
is partly produced by their effect on the heart, partly by dilatation 
of vessels in the splanchnic area. 

2. The effect is more marked, the greater the proportion of grey 
matter in the tissue used. 

3. This is not abolished by section of both vagi. 

4. It is, however, abolished as a rule after atropine. 

5. The substance that produces the fall is not proteid, but is 
soluble in alcohol. 

6. From the alcoholic solution, 1 have always obtained typical 
crystals of the platinum double salt of choline. 

7. Though undoubtedly the choline thus proved to be present is 
one cause of the fall in blood-pressure; there are possibly other 
substances that may be present as well. They have not yet been 
fully identified, though probably lactic acid is one. The depressor 
effect of lactic acid is not abolished by atropine and this will probably 
account for those cases where the fall is not completely abolished by 
atropine. | 


1 Amer. Journ. Physiol. uu. p. 471. 1899. 
2 Journ. Physiol. xxv. p. 87. 1899. 
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8. Glycerine itself (1 in 20 of saline solution) generally produces 
a fall of blood-pressure; this is not abolished by atropine. 

The experiments were made on cats anewsthetised with A. C. E. 
mixture. 


On the physiological action of extracts of nervous tissues. 
By W. A. OsBoRNE and SwaLE VINCENT. 


(Preliminary Communication.) 


The present investigation arose out of an enquiry into the action 
of extracts of the pituitary body’. Schäfer and Vincent conclude 
“The characteristic effects produced by extracts of the infundibular body 
are probably not due to the grey nervous matter of which this is 
largely composed (confirmatory of Howell’*).” The experiments upon 


extracts of brain performed by Schäfer and Vincent were upon cats, 


and sheep's brain was the material employed. A striking result in 
some of the experiments was the causation of very extensive irregu- 
larities in the blood-pressure curve, but in other cases no effect what- 


ever was manifested. 


Schäfer and Moore“ had previously noted a lowering of blood- 
pressure on injection of brain extracts. 

As a preliminary to further enquiries upon the action of extracts of 
pituitary, the present authors deemed it essential to further investigate 
the action of nervous tissues. Accordingly we have prepared extracts of 
brain (grey and white matter together), grey matter separately, white 
matter separately, spinal cord, and sciatic nerve and injected them 
intravenously into dogs and rabbits. Our extracts have been for the 
most part normal saline decoctions, i. e. the material has been pounded 
with sand in a mortar, boiled . 9% normal saline and carefully _ 
filtered“ 


1 Oliver and Schäfer. Journ. Physiol. xvir. 1895; Schäfer and Vincent, Proc. 
Physiol. Soc. Mar. 18, 1899, and Journ, Physiol. xxv. no. 1, Sept. 18, 1899. See also 
B. A. Reports. Dover 1899. 

2 Journ. Exper. Medicine, ut. p. 2. 1898. | 

On the Contractility and Innervation of the Spleen.” Journ. Physiol. xx. no. 
1, 1896, p. 26. 

In order to obtain an aqueous extract free from emulsified cholesterin Baumstark’s 
method has also been employed. A perfectly fresh brain was cut into two or three pieces 
and placed in a flask containing excess of ether, After two or three days standing a clear 
watery fluid collected at the bottom of the flask. This was taken out, heated on a water 
bath, filtered and used for injection. 
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In order to be quite certain that no decomposition products were 
present in the extracts, perfectly fresh material has been used in 
all crucial experiments. 

The results we have arrived at are as follows :— 

1. Extracts of brain (grey matter, white matter, and mixed), spinal 
cord, and sciatic nerve, produce, when injected intravenously, a marked 
fall in blood-pressure. 

2. Of these, grey matter of brain produces the most s striking 
results. 

3. The fresher the material, the more powerful are the depressor 

effects. 
4. When excess of alcohol is added to a saline decoction of brain, 
a precipitate falls which on extracting is found to be physiologically 
inactive; the alcohol, on the contrary, contains the depressor substance, 
as shown by the fact that when the alcohol is evaporated off, the 
residue’, when re-dissolved in saline, produces a marked lowering of 
blood-pressure. 

5. This saline solution of the residue obtained by evaporating off 
the alcohol, when treated with sulphuric and phosphotungstic acids 
gives very little precipitate. The filtrate however when freed from 
the phosphotungstic by barium hydrate and from the excess of the 
latter by cautious treatment with dilute sulphuric possesses an acid 


reaction not due to sulphuric and produces a distinct depressor effect 


when injected. 


6. The depressor effects of all these nervous tissues is quite 
unaffected by section of both vagi. . 


1 This residue is found also to be soluble in ether. 
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A note on Hüfner's method of preparing pure glycocholic 
acid. By W. A. OsBORNE. 


In 1874 and again in 1879 Hiifner described a rapid and effective 
method for obtaining glycocholic acid from ox bile’. This method was 
founded on his observation that when bile was shaken up with ether 
and hydrochloric acid the glycocholic acid liberated from its sodium 
combination crystallized out in such quantity as to render the bile 
almost solid. 

Emich in 1882 showed however that this reaction was by no means 
typical for ox bile generally and could only be obtained in the minority 
of instances“. 

It was subsequently discovered that in some few districts in Germany 
and especially in the neighbourhood of Tiibingen this method was 
almost invariably successful“. 

Marshall in 1887 investigated over five hundred specimens of bile 
from the slaughter-houses of Philadelphia and found this rapid separa- 
tion of the acid in crystals in only 22 per cent. of cases‘. 

I have been unable to find any record of this method being attempted 
in England. 

In nine specimens of bile (cow and ox) which I have lately examined 
I obtained completely successful results. Though this number is too 
small to admit of any broad generalisations, yet the positive result in all 
cases might lead one to expect that Hiifner’s method might be especi- 
ally applicable in England. 3 


1 Journ. f. prakt. Chemie, N. F. x. 1874 and xrx. 1879. 

2 Monatshefte f. Chemie, 111, 1882. 

o See for instance Bulnheim. Zeitschrift f. physiol. Chem. xxv. Heft 3 and 4. 
4 Zeitschrift f. physiol. Chemie, x1. 1887. 
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A brief account of the procedure employed in this method may be 
given here.—A stoppered cylindrical vessel is filled three-quarters full 
of ox bile. To every hundred parts bile ten parts of ether and four of 
strong hydrochloric acid are added. The mixture is then “sown” with 
a few crystals of glycocholic acid, the stopper is inserted and the whole 
vigorously shaken up. After standing for a short time in a cool place 
the mixture, in favourable cases, becomes solid from the formation 
of the glycocholic acid crystals. This mass may now be brought on a 
filter with the aid of a little cold water and washed with cold distilled 
water until the wash-water is no longer tinged with bile pigment. 
What remains on the filter is now brought into a large flask with 
excess of distilled water, boiled for some time and filtered hot. From 
the filtrate acicular crystals of glycocholic acid separate out on cooling. 
These may be collected, washed with cold water and dried between 
filter paper. If a slight trace of green pigment remains this may be 
removed by a few hours’ exposure to direct sunlight. 

I might also mention that I have tried the above method with some 
bile collected from the gall bladders of six rabbits. In less than half-an- 
hour the bile was transformed into a dense mass of glycocholic acid 


crystals. 


The changes in volume of the submaxillary gland accom- 
panying activity. By J. L. Buncs. 


The changes in volume of the submaxillary gland of the dog were 
recorded by means of a plethysmograph, and, by means of a cannula 
passed into the duct which communicated by a rubber tube with a 
finely graduated glass vessel, the amount of secretion of the gland was 
estimated at the same time. Stimulation of the cervical sympathetic 
caused very considerable diminution in the volume of the gland and a 
scanty flow of viscid secretion. Excitation of the chorda produced also 
a diminution in volume of the gland in spite of the greatly increased 
flow of blood to it, and this diminution in volume was accompanied by 
a free flow of clear secretion. After atropine had been administered, 
stimulation of the chorda gave rise to an increase in the total volume of 
the gland, associated with a scanty flow of secretion. By calibration of 
the piston-recorder which communicated with the plethysmograph the 
absolute increase or decrease in volume of the gland was known, and 
the relation of this alteration in volume to the amount of secretion in 
c.c. could be calculated. 
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The presence of efferent vaso-dilator fibres in posterior 
roots. By W. M. Bay.iss. 


Excitation of the peripheral end of the cut posterior root of any one 
of the 5th, 6th, 7th lumbar or Ist sacral nerves causes a vascular 
dilatation in the hind-limb of the same side. Excitation of the 


corresponding anterior roots is without effect. 


The experiments were made on dogs of various ages, the hind-limb 
was enclosed in a glass plethysmograph and its changes of volume 
traced on a smoked surface by means of a piston-recorder, the arterial 
blood-pressure was also simultaneously traced in order to avoid any 
possible fallacy due to vascular reflexes; the lumbar cord was com- 


pletely cut out as were also the anterior roots when not required for 


excitation. Curare was not given except when the anterior roots were 
excited, not because it has any deleterious effect on the vascular 
dilatation, but in order to be able to detect any escape of the exciting 
current to the anterior roots which would at once be shown by muscular 


- contractions and jerks of the piston-recorder ; in fact this instrument is 


extremely sensitive to the slightest movement of any part of the body. 
The 6th and 7th lumbar roots are most active and it is interesting 

that these are the roots which form the greater part of the sacral 

plexus, so that as Gaskell suggested the vaso-dilators run with the 


nerves to the voluntary muscles. 


Any form of stimulation is effective, mechanical, chemical, thermal, 
electrical. These fibres are particularly sensitive to mechanical stimu- 
lation, pinching with forceps causes as large an effect as strong 
induced currents. When electrical excitation was made use of in the 
above experiments the utmost care was taken to avoid escape to 
anterior roots or other nerves; with roots as long as the 6th and 7th 
lumbar are it is quite easy to excite the nerve held in the air so that 
the part on the electrodes is quite 2 inches distant from the point 
where the nerve joins the anterior root and leaves the spinal canal. 
The only possible source of error is the extremely problematic excita- 


tion of other fibres in the made up root by electrotonic currents or 


electrical currents of action, and it is most unlikely that vascular 
nerves should be excited and not the nerves to voluntary muscles, the 
latter being so much more excitable to the induced currents used. 

The vascular dilatation produced is of prolonged nature, lasting 
considerably longer than the stimulus; the latent period varies con- 
siderably according to the degree of anesthesia and condition of the 
animal, and may be anything between 2 and 8 seconds, 
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Similar results have previously been obtained by Stricker, Morat 
and Werziloff, but owing to the unsatisfactory nature of their 
methods of experiment the existence of these efferent fibres in posterior 
roots has not been generally accepted. | 


A double commutator. By S. C. MAHALANOBIS, B. Sa, F. R. S. E. 


ee A. Uses. 
The Commutator can be used chiefly for the following purposes :— 
(1) To send a current through either of two pairs of electrodes. 
(2) To reverse the direction of the current in a pair of elec- 
(3) To eliminate “make” or “break” shock of the induction 
machine. | 


The instrument consists of two brass levers each supported by a 
fulcrum resting on a pair of small uprights fixed on a plate of ebonite. 
On the upper surface, the levers are provided with an ebonite knob at 
each end. On the under surface of each lever there are three brass 
wires (one at each end and a third in the middle) projecting downward 


—— 


in the direction of the mercury cups cut out in the ebonite plate. The 
central wires always remain in the mercury, but as each lever moves in 
see-saw manner the wires at the ends dip into their own mercury cups 
according as one or other end of the lever is lowered. At one end, the 
wires of both the levers dip into the same mercury cup, which is longer 
than the others; whereas, at the other end (in front) each wire dips 
into a separate cup. A thin plate of copper forms the bottom of each 
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cup, and is connected with a binding screw at the margin. Thus, the 
longest mercury cup is in communication with two binding screws 
(1 and 2). The binding screws 5 and 6 are connected each with a 
separate cup; but they can be brought in communication with one 
another by means of a wire bridge provided with a small ebonite handle. 
When the handle is raised in a vertical position the two cups are in 
communication ; and they are disconnected when the handle is pushed 
down. It will be noticed that the levers are heavier at one end—conse- 
quently that end always tends to go down of its own weight. Thus 
fairly rapid “makes” and “breaks” can be effected by manipulating 
the elevated ends of the levers with two fingers, 


C. Mode of using the key. 


First the cups should be filled with mercury and the levers arranged 

with their heavier ends dipping in the longest cup, at the far end. i 
| 1. To send a current through either of two pairs of electrodes: 
Push the handle of the wire bridge down—so as to disconnect the 
two cups in front. Connect the battery wires with the binding screws 
Nos. 3 and 4, and one pair of electrodes with 1 and 5 and the other pair 
with 2 and 6. By pressing one or other lever down into the cups in 
front the current can be sent through one or other pair of electrodes. 
But the current remains “short circuited” unless one or other lever is 
pressed down. If a continuous flow in one direction be required for any 
length of time, then, instead of keeping a lever pressed down with the 
finger, it can be lifted off the supports and replaced with the ends 
reversed—so as to have the heavier end in front. 

2. To reverse the direction of a current :— 

Raise the handle of the wire bridge so as to establish communication 
between the two mercury cups in front. Connect the battery wires 

with the screws 2 and 6, and the wires leading to the electrodes with 
3 and 4. By pressing one or other lever down the direction of the 
current can be regulated accordingly. 

3. To eliminate “make” or “break” shock:— _ 

Push the handle of the bridge down as in the first case. Connect 
the binding screws 3 and 5 with one pole of the battery and a binding 
screw of the primary coil of an inductorium respectively ; the other pole 
of the battery being connected with the other binding screw of the coil. 
Then connect the secondary coil with the binding screws 4 and 6 and 
lead off from the latter a pair of electrodes. 

To eliminate “make” shock: first press down the right lever, ie, 
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“ short-circuit.” the secondary current; next press also the left lever down, 
i.e. “make” the primary circuit—which has no effect on the electrodes; 
now, release the right lever first, te. unshort-circuit the secondary 
current, and then release the left, i e. break the primary circuit which 
affects the electrodes. To eliminate “break” shock first press down the 
left lever, next the right, and then release them in the same order. 

D. Important features. 

Compact form—combining different uses of the same instrument. 
The current is either “short-circuited” or broken until one or other 
lever is pressed down. 

The levers being loaded on one end rapid “ makes” and “ breaks ” 
can be effected; at the same time, a good fluid-contact is insured. 

Easily roanipolated with two fingers—the experimenter’s hands 
being not often free. 


The lymph flow from the submaxillary gland. By F. A. 
BAINBRIDGE. 


The lymph from the submaxillary gland is collected by means of a 
cannula tied into the cervical lymphatic vessel, and is allowed to flow 
along a graduated tube; the lymph thus collected comes not merely 
from the submaxillary gland, but from other parts of the head and 
neck. 

Stimulation of the chorda tympani causes an increased flow of lymph, 
derived entirely from the submaxillary gland; the average flow of lymph 
during activity of the gland is two and a half times greater than when 
the submaxillary gland is resting. With strong chorda stimulation the 
lymph flow is greater than with a weak stimulus. The actual rate of 
lymph flow per minute, caused by chorda stimulation, varies from +, to 
4c.c, A similar increase in the lymph flow follows the injection of 
pilocarpin into a vein. 
| If Wharton’s duct be obstructed, and the chorda tympani stimu- 

lated, the rate of lymph flow is greater than when the submaxillary 
gland is resting, but less than that produced by chorda stimulation, 
when the saliva flows freely. 

Stimulation of the cervical sympathetic also causes an increased 
lymph flow, the increase thus produced is practically equal to that 
produced by chorda stimulation. 

After injecting atropin into a vein, stimulation of the chorda 
tympani no longer causes any increase in the rate of W flow from 
the submaxillary gland. 
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On Simultaneous Contrast (with —— By 
GrorcEe J. Bunch, F. RS. 


A diffraction grating of 15000 lines to the inch is placed over each 
of the eye-lenses of an ordinary stereoscope, the direction of the lines 


being horizontal. Two adjustable slits are held in a frame in front of 


the aperture by which light is usually admitted when using the stereo- 
scope for opaque objects. The spectrum of the left-hand slit is seen by 
the left eye a little to the right of the centre of the field of view, and 
that of the right-hand slit appears a little to the left of the centre of 
the field of view of the right eye. Viewed binocularly the two spectra 
appear side by side, and can be adjusted to equal brightness. Coloured 
glasses are then inserted in the stereoscope, e.g. a red glass in the left- 
hand compartment and a blue glass in the right-hand one. The field 
of view now oscillates between red and blue through a purplish grey, 
but the two spectra appear totally different: that on the left hand, seen 
by the right eye, lacking the blue and violet, and that on the right 
hand, seen by the left eye, being equally deficient in red. 

In order to prevent the spectra from being overpowered by the light 
of the coloured background patches of black cloth of the requisite size 
are fixed to the glasses. The same apparatus can be used to demon- 
strate Hering’s well-known experiment—of which this is the analysis— 
by substituting small patches of white paper for the spectra. 
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Four observations concerning the electrical effects of Light 
upon Green Leaves. By A. D. WALLER. 


In a recent communication to the Royal Society (June 14th) I have 
stated that “the leaves of certain plants under favourable conditions 
exhibit electromotive effects and after-effects in response to illumi- 
nation” and have there given a bare summary of experiments upon 
Iris leaves. My supply of suitable Iris leaves came to an end on 
May 23rd, and I have during the last month worked chiefly upon 
leaves of Tropeolum, of Begonia, and of Nicotiana tabacum, I take 
the present opportunity to communicate in some detail one typical 
experiment upon each of the four leaves with which I am now best 
acquainted, and in doing so I desire to acknowledge my obligation to 
Dr Querton for his most helpful cooperation in observations that have 
demanded no small measure of care and precision. | 

The method of investigation, and the precautions necessary to 
distinguish the essential physiological effect of light from the non- 
essential physical effects of light and heat and evaporation have been 
described elsewhere and need not therefore be dwelt upon now. All 
that is necessary to state is that the galvanometric effects of illumi- 
nating a half-shaded leaf are the phenomena under observation, and 
that the qualifications “ positive and “negative” are employed as has 
been customary in physiological literature with reference to the poles 
in connection with the galvanometer. 

Thus, e.g. in the four experiments, we have at the outset of illumi- 
nation, the illuminated half of an Iris leaf “negative” to the shaded 
half (just as an active portion of muscle is “negative” to a resting 
portion). Of a Tropæolum leaf the illuminated half is positive to the 
shaded half. Of a Begonia and of a Nicotiana leaf the effect during 
illumination is at first negative and subsequently positive. These 
varieties of reaction, with a predominance of negative or positive, are 
in my view the expression of a predominance of one or other of two 
opposite processes occurring simultaneously as well as . in 
animal as well as in vegetable tissues. 

A principal point established in the following experiments is the 
fact that the electrical response to light is subject to the influence of 
anesthetic vapours, 
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I. Iris. (Amputated lest) 


Observation of 22 howrs duration, exhibiting the normal effects of light 
upon Iris leaf, and their modification by temperature. 


The normal response to illumination by arc-light for 5 minutes at a 
distance of 20 cm. with an interposed layer of water 5 cm. thick is: 
— 0-023 volt, followed by an after effect of + 0-017 volt. This positivo 
after-effect lasts for 15 minutes, and is followed by a secondary 
negative change of — 0-014 volt, which lasts for 30 minutes. 

On repeating the test one hour later, the results are :—a negative 
effect of — 0°023 volt reaching its maximum at the end of the 3rd 
minute of illumination and passing without transition into a positive 
after-effect of + 0-028 lasting for 12 minutes. The subsequent secon- 
dary negative change amounted to —0-014 volt and lasted 30 minutes. 


On again repeating the test two hours 1 1 5 the results are: 


0023, + 0-025, — 0010. 


In the three previous trials the temperature of the leaf- chamber 
was 25°, and the resistance of the leaf was 1,000,000 ohms. 

Three successive illuminations at intervals of 5 minutes or less gave 
diminishing effects — 0-016, — 0-010, — 0-005; the after-effect 
subsequent to the third trial was + 0-020. 

Next morning (18 hours from start) with temperature of leaf- 
chamber at 12°, and resistance of leaf = 3,400,000 ohms, the response 
to light was — 0-020, and was not succeeded by any positive after- 
An hour later, with the leaf-chamber at 25° and the leaf-resistance 
= 2,500,000 ohms, the response was — 0-035 + 0-015. 

Three hours later, with 7’ = 16° and R= 3, 400, 000, the response to 
sunlight of 5 minutes duration was — 0-020 + 0-020. 

One hour later, with 7 = 16° and R= 4,250,000, the response to 
arc-light of 5 minutes duration was — 0-030 + 0-020. 

N.B. The sunlight although fairly steady was dim, rather less active 
upon a photographic actinometer than was the arc-light at 20 cm. 


Observation II. Tropsolum. (Amputated leaf.) 


: Observation of 26 hours duration, exhibiting normal effects of light and 
ö their modification by C0, Abolition of response under the influence of 
“much” CO,. Subsequently augmentation. 


Plant previously shaded for some days. 
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Positive effect (+ 0005) during illumination followed by negative 
after-effect ( 0-006) and secondary positive change. 


Two hours later the response is still + 0°005 — 0-005. 
Two hours later the response is + 0006 — 0-003. 


A current of CO, is now sent through the leaf-chamber; the 
response at successive quarters of hour is: 


+ 0:003 — 0:006, 
+ 0:002 — 0-012. 
+0010 — 
One hour later + 0°012 — 0005. 
Two hours later + 0°009 — 0-002. 
Twelve hours later + 0-004 — 0-002. : 
After a current of CO, sent through the leaf-chamber for the second 
time, the response is barely visible. 
Two hours later. No positive effect; large negative after- effect. 
Two hours later + 0˙008 — 0-008. 
Two hours later. Slight positive effect giving place to negative 
during illumination; this negative effect is progressively diminishing. 


Observation III. Begonia. (Amputated leaf.) 


Observation of 96 howrs duration, exhibiting (a) the effects of normal 
and of CO, res air, and (b) the effects of anesthesia by ether and by 
chloroform vapours. Gradual diminution of response in the absence of CO,. 
Temporary suppression of the response by ether. Final abolition by chloroform. 
(Diminution of resistance.) 


1842 


1846 


1848 


1849 


1854 


A leaf of Begonia, that had been kept in obscurity for 2 days, was 
set up for experiment on June 16th at 10 a.m. 


It gave for 2 hours a regular response of — 0.0014 + 0°0042 during 
illumination. 

It was left for 7 hours in a current of CO, free air, and then gave 

—0-0022 + 0-0015 (viz. increased minus and diminished plus). 
After 2 hours in a stream of normal air the reaction was 
— 0°0050 + 0:0020 (viz, increased minus). 
After a subsequent 12 hours it was 
— 00030 + 00070 (viz. increased plus). 

On the morning of the third day the reaction was + 0:0050 

preceded by a slight deflection of doubtful direction. 
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After 1 hour's passage of air through anesthetic ether the reaction 
had fallen to + 0°0025. 


After further etherisation for 2 hours it had fallen to + 0° 0010, and 
an hour later (the current of ether vapour having been stopped) it was 
hardly visible. A current of ordinary air was then turned on, the 
first evident response was visible 1} hours later. 


$ hour later the response recovered its original magnitude and 
character, being — 0°0018 + 0:0050. 

Chloroform vapour in very small quantity was then passed through 
the leaf-chamber. | 

No marked alteration of the response took place during the next 
2} hours. 

The stream of chloroform vapour was then considerably augmented ; 
4 hour later the response was abolished, and it did not reappear after 
2 and 14 hours aeration of the leaf-chamber. 

Throughout the observation the resistance of the leaf was between 
600,000 and 700,000 ohms. Immediately before the last chloroformi- 
sation it was 600,000 ; immediately after it was only 265,000. 


Observation IV. Nicotiana tabacum. (Leaf attached to plant.) 


Observation of 98 hours duration, exhibiting the effects of small and 
of large quantities of CO, upon the normal electrical response to light. 
Augmentation of response in expired air. Abolition of response by a full 
stream of CO,; perfect recovery. Abolition of response by ether vapour ; 
imperfect recovery. 


1863 


1865 


1867 


A leaf of a young tobacco-plant, that had been preserved for 2 days 
in obscurity, was set up for experiment in attachment with the plant 
on June 19th at 1.45 p.m. A current of normal air was maintained 
through the leaf-chamber throughout. 


The response to illumination was +0-0040, preceded by a slight 
preliminary negative effect and succeeded by a well-marked secondary 
positive effect. 

Five hours later the preliminary effect had become well-marked ; 
the secondary effect had disappeared ; the response during illumination 


was + 0:0047 volt; the resistance diss fallen from 600, 000 to 450,000 
ohms, 


Next morning (20 hours from start) the response was + 0°0038 and 
the resistance 460,000. 
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1868 


1869 


1870 
1871 


1872 
1873 
1874 


1875 


1876 


1877 
1878 


1879 


1880 


1881 
1882 


Two hours later the leaf was submitted to a current of expired air 
(containing 1 to 2 per cent. of CO,). From 4 00042, before CO,, the 
response became + 0°0037, + 00074, 4 00090, + 0°0070, + 00065 to 
illuminations of 5 minutes duration at 15 minute intervals—viz. an 
evident augmentation in the atmosphere of expired air. The resistance 
before and after this proceeding was 450,000 ohms. 2 

Six hours later the response was + 0-0042 volt and the resistance 
450,000 ohms. 

Nine hours later it was + 0°0035 wid the resistance 470,000. 

The leaf was then submitted to a current of expired air containing 
tobacco-smoke (i.e. containing at least 5 per cent. of CO,). The 
response half an hour later was + 0°0060, one hour later it was 
+ 00042. The resistance was 470,000. 

Next morning (44 hours from start) the reponse wan + 0°0035 and 
the resistance 485,000. 

The response remained under observation for the next two hours 
and was quite regular. 


A full stream of CO, from a Kipp apparatus was then sent through 
the leaf chamber, causing the spot to leave scale on the positive side. 

When the spot had returned to rest, the leaf was illuminated as 
before. There was little or no response at first ; it gradually returned 
to + 00025 during the next hour. The stream of CO, was again sent 
through the leaf-chamber, and response was thereby abolished. 

It began to reappear about two hours later, and was found 


on the next morning (69 hours from start) to be quite regular at 
+ 0°0050. Resistance = 500,000. 


A full stream of ether vapour was sent through the inet-ghiasber, 
causing the response to disappear. R. = 300,000. 


It did not reappear during the next two hours. 


On the morning of the next day a = s of + 0:0012 was observed; 
5 hours later it had not augmented, 


It was therefore considered that the leaf had been injured by the 
strong etherisation, and the observation was not further pursued. 
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Observations on the structure of the Srd., 4th., and 6th. 
cranial nerves. By WAKkELIN BaRRATT. 


By sectioning these nerves transversely along their entire length, 
from their superficial origin to their termination in the muscles to 
which they are distributed, and mounting, in each case, a series of 
sections taken at intervals of a quarter of a millimetre, it is possible 
to reconstruct the nerves from the sections, and at the same time the 
position of the points of origin of branches, and the extent and limits 
of nerve-cells, and vestigial structures are determined. | 

The third nerve contains near its superficial origin the amorphous 
granular material, regarded as representing a pre-existing ganglion by 
Thomsen and Gaskell. Similar material is found in smaller amount 
in the same situation in the sixth nerve, but is not readily demonstrable 
in the fourth cranial nerve. 

The ciliary ganglion extends 8 the limits of visible swelling, 
nerve-cells extending backwards into the short root and forwards along 
the ciliary nerves. 

These nerves have no branches beyond shale terminal muscular 
branches, with the exception of the fourth nerve which receives the 
meningeal branch, the fibres of which appear to lose themselves in 
the main trunk. Small twigs, however, containing numerous non- 
medullated fibres run in the fibrous sheaths of these nerves in the 
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cavernous sinus and sphenoidal fissure, subsequently diverging without | 


blending with the main trunk. 

The fibres of the short root of the ciliary ganglion are in relation 
with the inferior division of the third nerve, in which the vestigial 
structure also lies. | 


The temperature of the Normal Guinea-pig. By J. EYRE. 


During the course of some experiments last winter, it became 
necessary to observe the rectal temperature of a number of healthy 
guinea-pigs, and the results then obtained have been tabulated and 
form the present communication. 

A reference to the work of Pembrey, Pitts, Richet and others 
shows that the minimum rectal temperature observed in this animal 
was 360° C.; the maximum, 40°2°C.; while the average, varying with 
the observer, ranged from 37°40° C. to 39-21° C. 

The total number of observations in this connection, is however 


comparatively small comprising so far as one can judge from the 


published papers, 185 observations upon about twelve different guinea- 
pigs. The present series consists of 140 observations, recorded daily at 


9 am. and 6 pm. during seven consecutive days, upon a batch of 10 


guinea-pigs, ranging in weight from 184 to 520 grms. N 

The thermometer used (Kew certificate), was a “60 seconds” in- 
strument of the usual clinical type, 10 cm. in length, the mercury-bulb 
occupying 1˙5 m. 

After being well lubricated the bulb was passed into the rectum 
until some 3°5 or 4 cm. of the total length had been introduced: the 
instrument was retained in this position for five minutes before re- 
cording the reading. 

The results may be briefly summarised as follows. 


Morning temperature. Evening temperature. 


Maximum — 3900 C. Maximum 3920 C. 
Minimum — 36˙00˙ C. . Minimum — 37°80°C. 
Average —3858°C. Average 38°66°C. 


or by combining the above, we have 


Maximum temperature — 3920 C. 
Minimum temperature — 36:00° C. 
Average temperature 38627 C. 
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Observations on the nature of human reaction movements. 
By W. G. Surrn. (Communicated by M. S. PI 


Certain irregularities in the results of experiments carried out by 
means of the Hipp chronoscope, in order to test reaction time, led me 
to reflect that the usual arrangement of apparatus was unsatisfactory, 
inasmuch as the opening or closing of an electric circuit by move- 
ment of the finger gives no indication of the character of the movement. 
The following experiments have been carried out in the Physiological 
Laboratory of Guy’s Hospital and form the first steps of an investigation 
designed to study more closely the nature of the response to stimulus. 

A transmission sphygmograph is fastened in such a way that the 
reagent can rest his finger conveniently on the button which ordinarily 
presses on the artery, and is connected with a Marey tambour whose 
lever writes on the smoked surface of a rotating drum. When the time 
relations of the movements are being determined, a chronograph, con- 
nected with an electric tuning fork of 100 v.d. per second, is made to 
write immediately below the tambour tracing. . According to the ar- 
rangement of apparatus used in the investigation the chronograph 
begins to write simultaneously with the production of the stimulus, 
whether visual or auditory. In the reaction experiment the reagent 
is asked to lift his finger immediately on perceiving the stimulus. 

I have been able hitherto to observe the curves obtained from 13 
persons—6 men, 7 women. These curves show two quite distinct 
modes of reaction. One class, A (eight individuals), when reacting lifts 
the finger from the sphygmograph with no appreciable hesitation. The 
other class, B (five individuals, all accustomed to scientific work), begins 
the reaction by pressing the finger downwards, then gives the ordinarily 
observed upward movement. Examples of the two kinds of reaction, 
A and B, are given below, 


The curves are to be read from right to left. The rise of the curve 
corresponds to a downward pressure on the sphygmograph ; the fall of 
the curve is due to the upward movement of the finger. 
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With two individuals the B mode of reaction is distinct and 
invariable; with a third frequent; with two others more or less 
intermittent. In several cases mental distraction apparently had the 
effect of abolishing the downward pressure. As far as the experiments 
have gone the phenomenon does not depend on the initial degree of 
pressure of the finger, or on the position of the hand and finger, and the 
reaction can be obtained whether first or second finger is used. The 
distinction of sensorial and muscular forms of reaction does not seem to 
have an important bearing on the mode of reaction, and the two kinds 
of stimuli, visual and auditory, have the same effect. In two cases 
there was complete ignorance during the experiments of the meaning 
of the reaction. The same kind of phenomenon has been observed in 
two cases where upward and downward movements of the forearm were 
registered, which were made in the attempt to release a string which 
had been held against a force. I have not yet been able to make 
arrangements to secure a perfectly satisfactory supply of curves with 
time marking. So far as the experiments have gone with one indi- 
vidual, whose total reaction time (visual stimulus) is about 18 hundredths 
of a second, the time taken up in the downward movement is approxi- 
mately 3 to 5 hundredths of a second. 

These facts seem to have a bearing both on Physiology and 
Psychology. The physiological importance is seen in the fact that 
voluntary movement by one set of muscles may be preceded by an 
innervation of those which are antagonistic. In these experiments 
this has meant usually a heightening of the already existing tension. 
It seems probable that the phenomena have some relation to those 
described by Sherrington in his papers on the reciprocal innervation 
of antagonistic muscles.. The psychological interest of the facts lies 
in their bearing on the exact measurement of the duration of simple 
mental processes and on the conflicting sensations and impulses some- 
times attendant on voluntary activity. 


On Metabolism in Forced Feeding. By W. Hate WRITE and 
E. I. SpRiIGGs. 


The subject of these observations was a woman organically sound, 
but who had neglected her meals. Her weight was 39°23 kilos. For 
56 consecutive days she was over-fed: all her food was weighed; all 
the feces passed were weighed, and all the urine was measured. She 
was massaged daily, and for the first 38 days she was kept in bed. 
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The following is one day’s food taken at random from among the 
56 (all the quantities are expressed in mes), Milk 4324, Benger’s 
food 38, White bread 83, Butter 12, Sole 42, Mutton 57, Chicken 57, 
Rice 199, Sago 170, Potatoes 83, Oatmeal 6, Bacon 14, Brown bread 46, 
Cabbage 142. In addition she had seven eggs. The physiological heat 
value of this day’s food is approximately 5300 kilo-calories, Her weight 
was 46°5 kilos; so that she was receiving 113 kilo-calories per kilo of 
body weight. Every article of food was analysed cooked as taken. 
On the day just quoted the total intake of Fat was 26869 grms., of 
N. 42°20 grms. The Fat and Nitrogen in the urine and feces were 
estimated. 
Her increase in weight during the 56 days was 13˙256 kilos, 
The analysis of the feces showed that she retained 96 per cent. of 
ingested Fat. 
The total N. in the food for the days ee to which the 
2 excreta was analysed, was 2142'54 grms. The total N. excreted was 
— 1481˙50 grms. Therefore the total N. not accounted for in the urine 
| and feces is 66104 grms, A little of this may be accounted for by the 
fact that during the period of observation she menstruated twice, and 
for the first fourteen days there was a little vaginal discharge, which 
however then completely stopped. Some N. was lost by the skin. 
If all the gain in weight had been proteid the N. corresponding to it 


would have been 50 6 _ 441: ‘86 grms. But as the N. not accounted 


: | for in the urine and feces was 661°04 grms., that leaves 219°18 grins. 
1 N. to be accounted for in other ways. 
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